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SIR WILLIAM DAWSON. 


In Sir William Dawson there has passed away the last sur- 
vivor of that distinguished group of naturalists which in the 
earlier part of this century achieved for science in America such 
brilliant results and such widespread recognition—men whose 
range of knowledge was almost encyclopedic, and many of 
whom made valuable contributions to science in widely separated 
fields. The environment of the man of science has now changed, 
and the older type of naturalist seems unfortunately about to 
disappear. 

Sir John William Dawson was from near Nova Scotia, a 
province which has produced more than its share of the Cana- 
dians who have risen to eminence in the various walks of life, 
having been born at Pictou on October 13, 1820. He died at 
Montreal on November 19, 1899, at the age of 79. 

His father, James Dawson, was from near Aberdeen, Scot- 
land, and came to Nova Scotia to fill a position in a leading 
business house in Pictou, and on the termination of his engage- 
ment began business there as a shipbuilder on his own account. 

While still at school in Pictou, at the age of 12, he developed 
a love for natural science, inherited from his father, and made 
large collections of fossil plants from the Nova Scotia Coal 
Measures, so well exposed about his native place. He speaks of 
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himself at that time as being a “ moderately diligent, but not a 
specially brilliant pupil.” On leaving school he studied at 
Pictou college, and subsequently at the University of Edinburgh. 
While at the former seat of learning, at the age of 16, he read 
before the local Natural History Society his first paper, having 
the somewhat ambitious title ‘“‘On the Structure and History of 
the Earth.’ He returned to Nova Scotia in 1847, and two years 
later went to Halifax to give a course of lectures on natural his- 
tory subjects in connection with Dalhousie College, and organized 
classes for practical work in mineralogy and paleontology. 
These were attended by students, citizens, and pupils of higher 
schools, a foreshadowing of university extension. In 1850, at 
the age of 30, having already attracted some attention by the 
publication of a number of papers, reports, and lectures, he was 
appointed Superintendent of Education for Nova Scotia. From 
this time he became known in his native province as an inde- 
fatigable promoter of educational progress, and a founder of 
educational institutions. His work in connection with this posi- 
tion obliged him to travel continually through all parts of the 
province, and on these journeys he accumulated that immense 
mass of information concerning the geology and mineral 
resources of Nova Scotia which are incorporated in his largest 
work—that entitled Acadian Geology. 

Sir Charles Lyell, in 1841, on his first visit to America, met 
Sir William, and was by him conducted to many places of geo- 
logical interest in Nova Scotia, and on his subsequent visit in 
1852 they together continued their studies in Nova Scotian 
geology. In a letter to Leonard Horner, dated September 12 
of this year, Lyell writes: 

‘‘My companion, J. W. Dawson, is continually referring to the 
curious botanical points respecting calamites, endogenites, and 
other coal plants, on which light is thrown by certain specimens 
collected by him at Pictou. He told me that the root of the 
pond lily, Nymphaza Odorata, most resembled Stigmaria in the 


regularity of its growth, and Dr. Robb showed me a dried speci- 


men, a rhizoma, which being of a totally different family, and 
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therefore not strictly like, still suggests the probability of the 
Stigmaria having grown in slush in like manner.’’ And in another 
part of the same letter, referring to the now celebrated Joggins 
section on the coast of Nova Scotia, he says: ‘‘Dawson and 
I set to work and measured, foot by foot, many hundred yards of 
the cliffs, where forests of erect trees and calamites most 
abound. It was hard work, as the wind one day was stormy and 
we had to look sharp lest the rocking of living trees, just ready 
to fall from the top of the undermined cliff, should cause some 
of the old fossil ones to come down upon us by the run. But I 
never enjoyed the reading of a marvelous chapter of the big 
volume more. We missed a botanical aid-de-camp much when 
we came to the tops and bottoms of calamites and all sorts of 
strange pranks which some of the compressed trees played.” 

About this time the governing body of McGill College at 
Montreal was looking about for some one fitted to assume the 
principalship of the institution and to reorganize it. 

The college, founded by Royal Charter in 1821, had made 
but slow progress in its earlier years, and was at this time, 
through litigation and other causes, almost in a state of collapse. 
Sir William, then Mr. Dawson, was pointed out to the Governors 
of the College by Sir Edmund Head, then Governor General of 
Canada, as a man who, if his services could be secured, was 
eminently fitted to undertake the task of reconstructing the uni- 
versity. In the meantime, ignorant of all this, he was prose- 
cuting a candidature for the chair of Natural History in his alma 
mater, the University of Edinburgh, rendered vacant by the 
death of Professor Edward Forbes, and in which he was strongly 
supported by the leading geologists of the time. By a strange 
coincidence, just as he was about to leave Halifax for England in 
connection with this candidature, intelligence arrived that the 
Edinburgh chair had been filled at an earlier date than his 
friends had anticipated, and at the same time a letter was 
received offering him the principalship of McGill. 

The services of Dr. Dawson were accordingly secured, and in 


1855 he assumed the principalship of McGill College, stipulating 
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at the same time that the chair of Natural History should be 
assigned to him. In his inaugural discourse he said: “ At a 
time when literary and scientific pursuits are so widely ramified 
everyone who aims to do anything well must have his special 
field of activity. Mine has been the study of nature, especially 
in those bygone aspects which it 1s the province of geology to 
investigate. My only other special qualification for my present 
position depends on the circumstance that the wants of my 
native province have induced me to devote much time to inquir- 
ies and pursuits relating to popular education. I come to you, 
therefore, as a naturalist and an educationalist, trusting that I 
may be enabled in these capacities to render myself useful, and 
asking for my youth and present inexperience in the affairs of 
this institution your kind indulgence, and for the work in which 
I shall be engaged your zealous coéperation.” 

The University as he found it had three faculties and but 
sixteen professors, a number of whom gave only a portion of 
their time to university work, while the buildings and equipment 
were wretched. When it is stated that the University has now 
120 professors and instructors of various grades and an equip- 
ment which is in all departments fairly good, and, in some of 
them, unsurpassed, some idea may be gained of the progress 
which the institution made under Sir William Dawson’s care and 
guidance. 

As a professor of natural science Sir William at this time 
delivered courses in chemistry, botany, zodlogy, and geology, 
and natural science became a very favorite study among the 
students, for he was an excellent lecturer, and his enthusiasm for 
these studies was communicated to all who heard him. As 
years went on, the instruction in the first three of these subjects 
was undertaken by others, and a special chair of Geology and 
Paleontology was endowed by his old friend and co-worker, 
Sir William Logan, a chair which he held until his final retire- 
ment. His teaching work, however, formed but a small part of 
his daily labors. In addition to administering the affairs of the 
University he was first and foremost in every movement to 
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further education in the province, and no educational board was 
complete without him. He was the honorary president of the 
Natural History Society and never missed a meeting or a field 
day, and also identified himself closely with many other socie- 
ties in Montreal, and spared neither time nor labor on their 
behalf. 

Over and above all this he found time to carry out original 
work along several lines, achieving most valuable results, as well 
as to write many popular works on science, more especially in its 
relation to religion. Original investigation he always considered 
to be one of the chief duties and pleasures of a man of science. 
Most of his work along these lines was done during his summer 
vacations; in fact he was led to accept the position of principal 
in McGill chiefly by the fact that the vacations gave him leisure 
and opportunity for work of this kind. 

He was always very progressive in his ideas relative to the 
scope and development of university teaching, and was continu- 
ally urging the endowment of new chairs and the broadening of 
university work, so that all young men wishing to train them- 
selves for the higher walks of life might in the university find 
their needs supplied. As an instance of this it may be men- 
tioned that so far back as 1858 he succeeded in establishing a 
school of civil engineering, which, after a severe struggle for five 
years, succumbed to some unfriendly legislation, only, however, 
to be revived by him in 1871 and developed into the present 
faculty of applied science of McGill University, with its numer- 
ous departments, its full staff of instructors and excellent equip- 
ment. Sir William, furthermore, never hesitated, if funds were 
not forthcoming in sufficient amount for these purposes, to sub- 
scribe large sums out of his own limited private means, and he 
was also the continual helper of needy students desiring to avail 
themselves of the University’s teaching. 

Sir William received the degree of M.A. from the University 
of Edinburgh in 1856, and the degree of LL.D. from the same 
University in 1884. His attainments and the value of his con- 


tributions to science were widely recognized, and he was elected 
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an honorary or corresponding member of many learned societies 
on both sides of the Atlantic. He was madea Fellow of the 
Geological Society of London in 1854 and of the Royal Society 
in 1862. In 1882 he was invited by Lord Lorne to aid in the 
organization of the Royal Society of Canada as its first presi- 
dent. He was also President of the Geological Society of 
America and of both the American and British Associations 
for the Advancement of Science. In 1884 he received the honor 
ol knighthood. 

After a long life of continuous labor, Sir William's health, in 
1892, became seriously impaired, and it became necessary for him 
to lay aside his work for a time and spend a winter in the South. 
Failing to recover his strength, however, he resigned his posi- 
tion as principal in June 1893, and retired from active work. Dur- 
ing the later years of his life his strength gradually ebbed away, 
and what little work he could undertake consisted in arrang- 
ing his collections and working up some unfinished papers. 
Several of these were published in 1894 and 1895, but the years 
of quiet labor in his favorite pursuits, to which he looked for- 
ward at this time, were cut short by a series of sharp attacks, 
culminating in partial paralysis, which forbade further effort. 
During the last few years, from time to time, his strength rallied 
somewhat and he attempted to resume his work. Only a few 
days before his death he penned a short essay on the “ Gold of 
Ophir.” He passed away on the tgth of last month, very peace- 
fully and without pain. We may say, in the words of Dr. Peter- 
son, his successor in the principalship of the University, ‘‘ For 
such a painless passing out of life no note of sorrow need be 
struck. There is no sting in a death like his; the grave is not 
his conqueror. Rather has death been swallowed up in victory 
—the victory of a full and complete life, marked by earnest 
endeavor, untiring industry, continuous devotion and self-sacri- 
fice, together with an abiding and ever-present sense of depend- 
ence on the will of heaven. His work was done, to quote the 


rreat Puritan’s noble line, ‘As ever in his great Taskmaster’s 
a 


eye.’ ” 
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Lady Dawson, with three sons and two daughters, survive 
him, of whom the eldest, Dr. George M. Dawson, the present 
director of the Geological Survey of Canada, has inherited his 
father’s love for geological studies, and has achieved wide dis- 
tinction in the world of science. 

Sir William’s first original contribution to science was a paper 
read before the Wernerian Society of Edinburgh in 1841, 0n a spe- 
cies of field mouse found in Nova Scotia. From that time 
onward he was a continuous contributor to scientific journals and 
to the publications of various learned societies. His papers 
were very numerous and covered a wide range of subjects in the 
domain of natural history. No less than 158 titles are recorded 
under his name in the Royal Society’s catalogue; and in a bibli- 
ography which he prepared for the Royal Society of Canada in 
1895, and which included only books and papers of the first 
importance, 128 titles are recorded. He contributed over 100 
papers to the publications of the Montreal Natural History 
Society alone. His complete bibliography, now in course of 
preparation, will certainly include several hundred contribu- 
tions. The most important work of his earlier years was an 
extended study of the geology of the maritime provinces of the 
Dominion of Canada. His results are embodied in his Acadian 
Geology, already mentioned, a volume of nearly 1000 pages, 
accompanied by a colored geological map of Nova Scotia, which 
has passed through four editions. In writing to Sir William in 
1868, Sir Charles Lyell says of this work: ‘I have been read- 
ing it steadily and with increased pleasure and profit. It is so 
full of original observation and sound theoretical views that it 
must, I think, make its way, and will certainly be highly prized 
by the more advanced scientific readers.” It is the most com- 
plete account which we have of the geology of Nova Scotia, New 
Brunswick, and Prince Edward’s Island, although since it appeared 
large portions of these provinces have been mapped in detail by 
the Geological Survey of Canada, and Sir William’s conclusions 
modified in some particulars. In carrying out this work Sir 
William paid especial attention to the paleontology of the 
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Carboniferous system, and to the whole question of the nature 
and mode of accumulation of coal. He subsequently studied the 
paleontology of the Devonian and Upper Silurian systems of 
Canada, discovering many new and important forms of plant life. 
In 1884 he began the study of the Cretaceous and Tertiary fos- 
sil plants of western Canada, and published the first of a series 
of papers on the successive floras from the lower Cretaceous 
onwards, which appeared in the Transactions of the Royal Society 
of Canada. He also contributed a volume entitled Zhe Geologi- 
cal History of Plants to Appleton’s International Scientific Series. 
In 1863 he published his Air Breathers of the Coal Period, in which 
were collected the results of many years’ study in the fossil 
batrachians and the land animals of the Coal Measures of Nova 
Scotia. The earliest known remains of microsauria were then 
discovered by him in the interior of decayed tree stumps in the 
Coal Measures of South Joggins. The results of his later studies 
in these creatures were embodied in a series of subsequent papers 
which appeared from time to time. 

On taking up his residence in Montreal his attention was 
attracted by the remarkable development of Pleistocene deposits 
exposed in the vicinity of the city, and he undertook a detailed 
study of them, and especially of the remarkably rich fossil fauna 
which they contain. He also studied subsequently the Pleisto- 
cene deposits of the lower St. Lawrence, and instituted compari- 
sons between them and the present fauna of the Gulf of St. 
Lawrence and of the Labrador coast. The results of these studies 
appeared in a series of papers as the work progressed, and were 
finally embodied in a volume entitled Zhe Canadian Ice Age, 
which was issued in 1893 as one of the publications of the Peter 
Redpath Museum of McGill University. This is one of the most 
important contributions to the paleontology of the Pleistocene 
which has hitherto appeared. 

Sir William’s name is also associated with the renowned 
Eozoon Canadense, discovered by the Geological Survey of 


Canada in the Grenville limestones of the Canadian Lauren- 


tian, and described by him in 1864 as a gigantic foraminifer. 























SIR WILLIAM DAWSON 735 





Concerning this remarkable object there has been a widespread 
controversy and a great divergence of opinion. Some of the most 
experienced observers in the lower forms of life, such as Carpen- 
ter, accepted it as of organic origin, while others considered it 
to be inorganic, and while the balance of opinion now possibly 
favors the latter view, its resemblance microscopically to certain 
organic forms is certainly most remarkable. The literature of 
this subject, which includes many papers by Sir William, is quite 
voluminous, but the chief facts are summed up in his book, 
entitled Zhe Dawn of Life, which appeared in 1875. 

Sir William was also a prolific writer of popular works 
on various geological topics. Among these may be mentioned 
Fossil Men and Their Modern Representatives, The Chain of Life in 
Geological Time, Egypt and Syria their Geology and Physical Geogra- 
phy in Bible History, Modern Science in Bible Lands, Modern Ideas of 
Evolution, Salient Points in the Science of the Earth, Eden Lost and 
Won, and Relics of Primeval Life. As may be inferred from their 
titles, many of these books display a strong theological bias. Sir 
William was a Presbyterian of the old school and strongly 
opposed to all theories of the evolution of man from brute ances- 
tors, nor would he allow anything more than a very moderate 
antiquity for the species. He held that there is no adequate 
reason for attributing the so-called ‘‘ Neolithic’”’ man to any time 
older than that of the early eastern empires, while he thought 
the time for Paleolithic man need not be more than twenty or 
thirty centuries in addition, man having thus made an abrupt 
appearance in full perfection not more than, say, six or eight 
thousand years ago. 

These works on the relation of science and religion met a 
popular need and were of great comfort to many a pious soul, who 
feared that the whole framework of faith was being swept away 
by the advancement of science. Their value, however, was not 
permanent, and they are not the works by which Sir William 
Dawson will be remembered. His reputation is founded on the 
great contributions to our permanent stock of knowledge which 


he has made and which are embodied in his works on pure 
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science, representing achievements of which any man might 
well be proud. 

Sir William had a courteous, or rather a courtly, manner, 
based on a genuine consideration for all. He was respected and 
beloved by all who knew him, and especially endeared himself 
to all who studied under him. The preéminent note of his char- 
acter was simplicity and singleness of purpose. His loss will be 
felt especially in the institution with which he was long con- 
nected, but his name has been perpetuated in connection with 
the geological department of his university by the establishment 
of a second chair in geology, to be known as the Dawson Chair, 
which has just been endowed ‘in his memory by Sir William 
Macdonald. 


FRANK D. ADAMS. 


























GRANITE ROCKS OF BUTTE, MONT., AND VICINITY? 


In the western mountainous part of Montana there are sev- 
eral extensive areas of granitic rocks, which are commonly sur- 
rounded by sedimentary beds and in part covered by later 
volcanic rocks. The largest of these granite masses forms a 
mountainous area having no commanding summits, but consti- 
tuting the continental water parting separating the waters of the 
Atlantic from those tributary to the Pacific Ocean. This district 
is largely drained by the Boulder River, and as the mountains 
have no other name, they too are sometimes called by this name, 
for which reason it will be used to designate the intrusive mass of 
granite itself. Unmistakable evidences of intrusion are common 
about its borders, and as the rock cuts and metamorphoses fos- 
siliferous Carboniferous rocks and what are believed to be Creta- 
ceous rocks as well, and is overlaid by Neocene sediments, its 
age is known within these limits. 

The Boulder batholith is a body of granitic rock, in part cov- 
ered by later lavas, but continuously exposed from the Highland 
Mountains (sixteen miles south of Butte) to the vicinity of 
Helena, a distance of fifty miles in a north and south direction 
and twenty-four miles from east to west. The intrusive nature 
of the mass is very strikingly shown at the northern and southern 
limits, and also at Elkhorn on the east. At these places the 
granitic rocks have produced very marked contact metamorphism, 
and cut across the ends of the upturned sedimentary series. 
Near its border the granite also includes in its mass fragments of 
the other rocks. There is no suggestion of a laccolithic uplift- 
ing, for although near Helena, and probably elsewhere, the 
granitic rocks extend outward under the sedimentary rocks, and 
the latter in certain places form a thin cover over the intrusion, 
yet the strata dip toward the intrusion conformable to a great 
anticlinal uplift wholly independent of the batholith. 

* Published by permission of the Director of the U. S. Geological Survey. 
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The rocks of this batholith present a wide variation in min- 
eral and chemical composition, but a study of the field relations 
shows they must be regarded not only as facies of the same 
magma, but as parts of one mass. The very basic rocks all occur 
at the margins, yet there are variations within the main body 
itself which are clearly recognizable rock types, yet cannot be 
discriminated in mapping. This difficulty has been experienced 
by those geologists working in the Sierra Nevada, where, as 
stated by Turner,* a considerable variety of rock-types have been 
mapped as granodiorite, ‘although, as a rule, gabbro, even when 
genetically related to granodiorite proper, has been separated.’ 
Where detailed mapping upon a large scale map is not possible, 
this difficulty of separating parts of a single intrusive body in 
which the rock-types grade into one another can only be met by an 
arbitrary use of the name of the prevailing rock-type for the entire 
mass,as has commonly been done heretofore, or by using a generic 
term like granolite* to embrace all coarsely granular rocks. 

The prevailing rock of the batholith is a granite whose com- 
position is that given under the number 518. It is a normal 
hornblende-granite which is very generally sheeted, forming 
picturesque crags and bowlder groupings. It disintegrates readily 
into platy masses or shells which separate from the bowlders, 
and themselves crumble to a coarse sand. Over large tracts 
disintegration has reduced the rock to a smoothly rolling sur- 
face, on which scattered bowlders rise above the general level. 
Perfectly fresh material can, therefore, be obtained only where 
the rock has been quarried or exposed by mining operations. It 
is a medium to coarse-grained rock, the average size of the grains 
being 3-5mm. The grayish quartz and white feldspar grains are 
of about equal size. Black mica and dark green hornblende are 
present in considerable quantity. Under the microscope it shows 
the normal characters of a granite, but contains an unusual 
amount of plagioclase. 

*H. W. TurNeR: Granitic rocks of Sierra Nevada, Jour. GEoL., Vol. VII, 


1599, p. 140. 


See TURNER: loc. cit., p. 141. 
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In the following table the results are given of the analyses so 


far made of the rocks of the Boulder batholith: 


ANALYSES OF 


K yO. 
Na,O 


H.O below 110 
H,O above 110 


_ eee 
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Totals.... 


H. N. Stokes, 


526, 


311, 623, 6, 989. Butte type of granite, Butte district. 
98. Head of Clancey Creek, northern part of batholith. 
518. Prevailing type of granite of batholith, Boulder. 
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The following table shows the chemical composition of this 


rock, only the essential elements being given, the complete analy- 


sis being shown in the preceding table. Partial analyses of quartz- 


monzonite from the Sierra Nevada‘ and of Brégger’s adamellite* 


are given for comparison. 


*H. W. TURNER: The granitic rocks of the Sierra Nevada, Jour. GEOL., May 


1899, p- 141. 


2 Die eruptionsfolge der triadischer Eruptivgesteine bei Predazzo, p. 62. 
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Quartz Monzonite Granodiorite Adamellite 
Boulder Landsberg 
Granite 2179 bei Barr 


Pyramid Peak Vogesen 


Rosenbusch 


Sierra Nevada 


S10), 67.12 60.53 67.45 68.97 
Al,O, 15 15.2 15.51 14.80 
Ca0 ~ 3.43 3.59 3.60 3.82 
MeO ; bees oe 1.74 1.63 1.10 1.15 
Te? « sueseiae <x 4.52 4.46 3.66 4.53 
Na,O ‘ 2.76 3.10 3.47 2.40 


[he close similarity of this rock to the quartz-monzonites of 
the Sierra Nevada is apparent from these figures. It is evident 
from the analyses that the Boulder granite nearly corresponds to 
Brégger’s adamellite. 

fHE BUTTE GRANITE 

The Butte granite (or quartz-monzonite) covers an area of sev- 
eral square miles and is the prevailing rock of the Butte district, 
and the one in which the world-famous copper and silver veins of 
that place occur. It is, therefore, cf more than ordinary interest, 
and has been carefully investigated in connection with the study 
made of the general and economic geology of the district. It is 
a rather dark colored, coarsely granular rock which is seldom 
seen in conspicuous exposures about the productive mines owing 
to a close sheeting with much decomposition near the mineral 
veins and ready disintegration in other parts of the district. 
Away from the mineralized areas it is well sheeted and forms the 
usual bowlder and castellated forms of such rocks. Its darker 
tone and greenish feldspars render it easily distinguished from 
the bowlder type. Throughout the entire district it is very uni- 
form in appearance, as it proves upon analysis to be in composi- 
tion, though differing somewhat in the relative proportions of 
the constituent minerals. It is also uniform in grain over the 
entire district, but hand specimens show in local patches a varia- 
tion of textures. Inclusions of a much darker and finer-grained 
dioritic rock are often seen weathered in relief on exposed sur- 


faces; they are always small, seldom over a few inches across, 


angular and rather scarce, never making an appreciable part of 























GRANITE ROCKS OF BUTTE, MONT., AND VICINITY 74! 


the mass. Owing to disintegration prefectly fresh specimens 
can only be obtained from surface quarries or underground work- 
ings. The exact relations of this mass to the general area were 
not satisfactorily determined, though it appears certain from the 
exposures that it is an integral part of the batholith and not a 
separate intrusion. At several localities a sharp gradation was 
observed, with narrow transition bands between the lighter 
colored granite with its white feldspars and the darker Butte 
type. 

Orthoclase is an abundant and usually a readily recognizable 
constituent as its pinkish color is in contrast to the green tones 
of the plagioclase, and it has, moreover, a tendency to develop 
in relatively large crystals which give the rock a somewhat por- 
phyritic look. Plagioclase, black hornblende, black biotite, and 
quartz are easily distinguished by the eye. Under the micro- 


scope the rock is seen to vary between a rather basic hornblende- 


granitite and a quartz-diorite There is usually a slight amount 
of chlorite present, but the biotite and hornblende are as a rule 
fresh. Titanite, apatite, iron ore, and zircon are present as 


accessories. It will be seen that the rock is only a somewhat 
more basic phase of the granite of the region, and that it closely 
resembles granodiorite, though in the Butte rock the plagioclase 
is more basic, being a sodic labradorite. The four analyses given 
in the general table show the rock to be remarkably uniform in 
chemical composition over the entire area. 

The following table gives partial an ilyses of the Butte granite 
and of the related rocks from other localities : 


PARTIAL ANALYSES OF BUTTE GRANITE AND RELATED ROCKS 





SiO. 64.03 65.48 5.25 64.39 2 
Al,O, 15.55 10.05 I 4 5 5 

FeeOg vcccce 1.g¢ 1.47 1.60 5.63 2 
FeO 2.83 3.02 1.91 2.23 
CaU 4.20 4.5C 3.55 4.15 43 
MeO 2.15 2.13 1.31 1.93 1.74 
ee oscadens +1116 gn 2.43 2.02 - 4.52 
Na,O 2.76 , 3.49 3.§7 19 \ * 2 
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The analysis of the Butte rock is the mean of the four 
analyses already given. The granodiorite is the mean of five 
analyses given by Turner.‘ The Boise rock is described by 
Lindgren.? The Banatite is a mean of the analyses quoted by 
Brégger.3 From the analyses it will be seen that the rock closely 
resembles a banatite in composition; the lime and sum total of 
the alkalis being the same, but in the Butte rock the potash 
exceeds the soda in amount. It also resembles the granodior- 
ites, but the alkalies present an inverse ratio. 

In order to furnish a basis for calculating the mineral com- 
position of this rock, fresh rock was crushed, the hornblende and 
biotite separated by Dr. H. N. Stokes by the use of Thoulet solu- 
tion, and these two minerals from each other by sliding on 
paper. The resulting material was examined under the micro- 
scope and found to be quite pure. 

The biotite is quite black in color to the eye, but dark brown 
under the microscope showing very marked pleochroism. This 
biotite is characteristic not only of the Butte granite but of the 
Boulder granite as well. In many sections examined it appears 
the same in color and pleochroism not only for the Butte rock 
but for the normal granite of the batholith, and it may be 
assumed to be the same for both these rocks. The microscopic 
examination of the biotite material showed a little apatite pres- 
ent, a very little chlorite, and very little hornblende, but these 
impurities form a very minute part of the whole. The amphibole 
is also characteristic of both the Butte granite and the normal 
granite of the region. It is black or very dark green when seen 
with a hand lens, but pleochroic in dark green tints with large 
extinction angle when seen under the microscope. The mate- 
rial analyzed was very pure. 

The following table shows the result of the analyses made 
of these minerals. Dr. Stokes was unable to obtain a higher 

* Loc. cit., p. 150. 


? Mining Districts of the Idaho Basin and Boise Ridge, Idaho. Eighteenth Ann. 


Rept. Director U.S. G. S. 1898, p. 740. 


3 Loc. cit., p- 62. 











NN AT NE 








GRANITE ROCKS OF BUTTE, MONT., AND VICINITY 743 





summation in the analyses made of each, and the amount of 
material available being exhausted further work could not be 


done. 


For reference the analyses published by Turner of the 


biotite and amphibole from the quartz-monzonite of the Sierra 


Nevada, are also given. 


* The close resemblance of the analyses 


of both rocks and minerals to those of the Butte material will 


be noted. 


Li,O.. 


H,O below 110 


H,O above 110 


COE cas 


Less O for F & Cl........ 


Biotite 





3utte a= 
35-79 35-7! 
3.51 3.16 
.10 03 
76 | 17 
20 ee 
13.70 14.70 
5.22 4.05 
13.72 14.08 
.I9 45 
13 mie 
none -I2 
05 17 
12.13 12.37 
9.09 9.19 
1S .32 
tr tr 
1.21 1.03 
3.04 | 3.04 
99.59 100.00 
37 
99.22 
Stokes |Hillebrand 





Butte eos 
| 45-73 47-49 64.03 
1.43 1.21 .60 
| 28 06 18 
me | wckeve 
6.77 7.07 15.58 
| 4:94 4.88 1.96 
10.30 10.09 2.83 
-54 51 II 
none | 7 
none sees | -04 
11.25 11.92 | 4.20 
12.32 13.06 | 2.15 
1.22 49 =~! 4.11 
77 75 | 2.76 
tr ~~ - esssoes 
-49 sees 20 
2.29 1.86 -73 
98.77 100.03 99.87 
12 
98.65 
Stokes Hillebrand Stokes 


The Butte analyses are incomplete as the amount 


further work. 


of material was too small for 


The phosphoric pentoxide (P,O,) in the analyses of both 


minerals and of the rock itself is assumed to be present as apatite 


and with an appropriate amount of lime is deducted from the 


analyses. 
and 


is also deducted. 


The water below 110° C. is assumed to be accidental 


The analyses are then reduced to 100, 


and the molecular ratios calculated. 


* Some rock forming biotites and amphiboles. 


A. J. Sci. 





Vol. VII, 1899, p. 294. 
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All the soda is calculated as albite. Microscopic examina- 
tion shows the plagioclase to bea calcic andesine Ab,, An,, and, 
an estimate being made of the proportion of hornblende present, 
an equivalent amount of lime is deducted and the remainder 
calculated with the albite molecule to form plagioclase. 

The result gives the following composition for the rock: 


I II 
Quartz - - - - 23.70 20.8 
Orthoclase - - - - 19.88 18. 
\lbite - - - - 22.98 28. 
Anorthite - - - - 11.48 12.1 
Hornblende - - - 15.26 16.6 
Biotite - - - - - 4.22 — 
Magnetite - - - - 1.18 1.5 
ritanite - - - - .97 1.4 
Apatite - - - - 33 3 
100.00 98.7 


This adds up to 1.51 molecular weight against 1.50 for the 
bulk analysis of the rock, showing a very close agreement. As 
the microscope shows the plagioclase to be andesine of about 
the composition of Ab,, An, (or Sodic labradorite), and albite is 
not seen in the section, the orthoclase must contain the albite 
molecule. In the second column the percentages given are 
those calculated by Lindgren’ for the granodiorite of Grass 
Valley—a rock whose chemical analysis, as already shown, closely 
resembles that of the Butte granite. 

The rocks in the vicinity of the Frohner mine are identical 
in composition with the Butte granite, as shown by the analysis. 
The region is about thirty miles north of Butte, and the rock 


part of the general granite batholith. 


rHE BLUEBIRD APLITE 


Associated with the Butte granite there is an unusual devel- 
opment of aplite. So far as known to the writer it is the most 
extensive occurrence of a granite aplite yet discovered. The 


S. Geol. 


* Gold Quartz Veins of Grass Valley, Cal., Seventeenth Ann. Rep. Dir. U. 
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| largest mass is 14% miles by 2,', miles, and is known from mine 
workings to be several hundred feet thick, resting on the Butte 
granite. Besides this large mass there is another of about one- 


third the size and numerous smaller bodies, as outlined by the 


author on the geologic map of the Butte district. 


In the cases 


hitherto observed by the writer, and those commonly described, 


aplites occur in dikes commonly quite narrow, but often of con- 


siderable length ; such masses have been supposed to be the fill- 


ing of cracks formed in the cooling granite, the aplite magma 


coming either from an acid residuum or nucleus of the mass or, 


as suggested by Turner, a product squeezed out of the crys- 


tallizing granite and gathered in cracks due to its shrinkage. A 


study of the Butte aplites shows that, though the dikes of this 


material may owe their origin to some such cause, that the irregu- 


lar lense-like or meniscoid masses are sometimes local bodies 


unconnected with any feeder. The inference derived from a 


careful examination of many exposures is that the material is 


due to some such process as that suggested by Turner—a sort 


of segregation. In the description of the remarkable differen- 


tiation zone of Square Butte* it was shown that the basic outer 


part of the intrusion, itself a product of differentiation, holds a 


thin band of white syenite due to further separation or differen- 


tiation of the feldspathic constituents in the crystallizing mass. 


This hypothesis, my belief in which has been strengthened by 


further observations of other laccoliths in the same region, seems 


to explain the manner of occurrence of the aplites in the Butte 


mass. It is believed, upon evidence which cannot be presented 


406, 1590. 








here, that the Butte district is on the downthrown side of a fault 
and that its granitic rocks represent the upper part of the batho- 
litic intrusion. In this uppermost part of the intrusion partial 
differentiation is believed to have taken place, the normal granite, 
represented by analysis No. 516, splitting up into the more basic 
phase represented by the Butte type and the acidic type, the Blue- 
bird aplite. This hypothesis demands that as the Butte granite 


* WEED and Pirsson: Highwood Mountains of Montana, Bull. Geol. Soc. Am., p. 
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is but slightly more basic than the prevailing form, the pro- 
portion of aplite should be small. The field observations show 
a quantitative relation which, as far as it can be estimated, con- 
firms the view. 

This hypothesis implies a gathering of the iron, magnesian, 
and lime molecules out of the general magma and their concen- 
tration in the quartz-monzonite, with a separation out of the 
aplitic material, richer in alumina, alkalis, and silica which did not 
form an inner kernel as it has in laccolithic differentiations, but 
local masses in the basic granite. This hypothesis has already 
been anticipated by Cross in the discussion of evidence of dif- 
ferentiation at Rosita, Colo.' 

If the Butte granite is a border or upper contact facies of 
the batholith, this separation may have been induced by contact 
cooling. Observations of many of the smaller intrusive stocks 
of the Montana mountains and of the contacts of the larger 
batholiths show that there is more or less of a mixing of basic 
and siliceous materials as if they were stirred together while 
pasty. The rocks grade into one another and there are no sharp 
contacts. 

In the large aplite intrusions there is no sahlband alteration. 
The grain continues the same in both rocks, but at a certain line 
there is a change in the relative proportions of the minerals. In 
the smaller bodies and little dikelets the grain of the aplite is 
finer, though there is no contact band or evidence of chilling. 
In the Butte area this is uncommon. There is, it is true, a sharp 
contact between granite and aplite, but there are transition forms 
and even masses of granite in the larger aplite bodies which are 
clearly not included fragments but integral parts of the mass. 
Yet there is commonly a definite separation of the two rocks, 
and it is certain that there has been no mixing of the two mate- 
rials due to convection or movement before consolidation. 

In most of the aplite bodies the grain varies considerably from 
place to place ; sometimes the rock becomes a micropegmatite, 


* Geology of Silver Cliff and Rosita Hills, Colo., Seventeenth Ann. Rep. Dir. U.S. 


Geol. Surv., p. 329. 
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rarely a coarse pegmatite. There is sometimes a banding with 


alternations of fine and coarse-grained material 

The commonly accepted theory of the origin of aplite is 
that it represents the acid remainder in a granite or quartz- 
diorite magma after the more basic elements have crystallized. 
At a late period, after the main mass of the granitoid rock had 
crystallized, the aplite is forced up from below and fills previously 
formed cracks, which are perhaps the result of cooling. Viewed 
in this light they are genetically related to the more basic 
granites with which in the Sierra Nevada they are for the most 
part directly associated.’ 

The aplite—The following calculation of the mineral com- 
position of the aplite, column I, is based upon the complete 
chemical analyses given in the table. A little biotite is found in 


the fresh aplite. This is similar to that of the granite and is 


supposed to have the same composition, and all the magnesia is 
ascribed to this. This leaves an excess of 0.09 of TiO,, which 


is calculated as titanite. 


Quartz . - : - 37-70 39-45 
Potash feldspar - - - 33.90 29.43 
Soda feldspar - - : 23.81 23.03 
Lime feldspar - - - 2.45 6.56 
Biotite - - - 0.72 .go 
Magnetite, etc. - - - 1.20 58 
Titanite - - - - 0.22 18 

100.00 100.00 


In column II the mineral compositions of the aplites of the 
Granodiorite of the Sierra Nevada, given by Turner, are given 


for comparison. 
LAMPROPHYRIC CONTACT FACIES 


The first two analyses in the large table represent the compo- 
sitions of two lamprophyric contact facies of the batholith. The 
rocks probably grade into the granite, though the transition is a 


*H. W. TuRNER: Geology of Sierra Nevada, p. 722. 
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rapid one. More often such rocks occur as intrusions in the 
altered sediments about the border of the batholith. The first 
analysis is that of a rock that might be called a diorite, though it 
hardly comes under that name. It consists mainly of green horn- 
blende, which is stringy and appears to be derived from augite, 
and of small zonally built basic plagioclase feldspars and a very 
little quartz. It is a nearly black, quite coarsely crystalline rock, 
and is an unusual type. It occurs intrusive in phyllites and 
schists on the summit of Red Mountain, ten miles south of 
Butte. 

The second analysis is that of a rock fairly typical of the 
batholith contact at many localities. It is a dark gray granular 
rock, rather finer grained than the granite into which it can in 
some places be traced by insensible gradations. It is a very 
basic diorite which approaches a hornblende-gabbro. The horn 
blende is quite stringy and of uralitic appearance, pale green 
passing into deeper green and into colorless forms. Brown bio- 
tite is rare. Orthoclase is present in small amount and only in 
interstices between more idiomorphic plagioclase. The latter 
shows an extremely fine zonal structure and varies between 
labradorite and albite, and will perhaps in a majority of cases 
have an average composition corresponding to andesine. A very 
little quartz is also present, together with apatite and iron ore 
as accessories. 

The rock grades into one consisting mainly of zonally built 
basic plagioclase in small idiomorphic crystals, equal in amount 
to that of the combined dark colored constituents, brown pleo- 
chroic biotite and hornblende derived from light colored pyroxene, 
remnants of which still remain. 

For the purpose of determining what changes, if any, are 
accomplished in the ordinary weathering of the granite, an analy- 
sis of a coherent but quite friable rock has been made. The 
material, which is quite typical of that commonly seen in natural 
exposures, is rather lighter in color than the perfectly fresh rock 


and has a clayey odor when moist. The greenish plagioclase 
and pinkish feldspar has been bleached to a dull white or waxy 
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tint. In the still more altered rock, and in the sands formed by 
its crumbling down, the white minerals are stained by iron rust. 
In the rock analyzed the biotite is partly fresh and unaltered, but 
many of the grains are dull and lusterless, and others are altered 
to green chlorite; more rarely the cleavages are coated by iron 
rust. The hornblende shows the most alteration. Some of the 
grains are fresh, but most of them show masses of ocher, and 
are penetrated by films of it along cleavages and the grains all 
show more or less chlorite as the first stage of alteration. These 
changes all indicate simple hydration and oxidation of the rock, 
and should accordingly be revealed in the analysis. The fol- 
lowing tables show (1) the average composition of the fresh 
rock, (II) the composition of the disintegrated material, (III) 
the percentage of each constituent lost, (IV) the percentage of 


each constituent gained. 





Limit of possible 











Constituents I II Ill IV } 
error of analysis 

PN ucen wand 64.03 65.14 +1.01 1.41 3 
Titanic oxide...| .60 -59 0.01 
Alumina........|15.58 15.63 +0.05 0.32 | 
Ferric oxide ....| 1.96 2.37 +0.51 I 
Ferrous oxide...| 2.83 2.13 0.70 5 
Manganese oxide| .11 tr —O.II 100. 10. 
RD ctw caekes 4-20 3.62 —o.58 14.09 I 
Magnesia ...... 2.15 1.55 —0.30 14.23 2 
.  Paeerre 4.11 4.29 +0.13 4.04 | 2 
Ee 2.76 2.63 —0.13 9.51 .2 
M oisture com-| | 

BREESE -73 75 +0.02 | 
Moisture below} .96 

oie 23 37 +0.14 
na) bi Ee .07 .10 +0.03 | 
Strontia....... .04 tr. —0.04 | 
Phosphoric acid. 18 .16 0.02 

99.86 99.68 





The fresh rock contained a little Cl, 0.17 per cent., the dis- 
integrated rock none. The fresh rock held 0.06 per cent. S (as 
pyrite), the altered rock 0.05 per cent. SO,. 

While the changes in the character of the rock are largely 
physical, and its degeneration, due to the rapid expansion and 
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contraction to which it is here subjected in the extremes of tem- 
perature that are so characteristic of the climate, and the chem- 
ical changes made possible because of the opportunity for 
moisture to penetrate the minute cracks thus formed, yet the 
chemical changes themselves, slight as they appear to be, aid this 
degeneration by swelling up as the molecules become oxidized 
and hydrated. 

The analysis shows a remarkably small amount of chemical 
alteration. It is evident, also, that the process is not the normal 
one of “weathering,” since silica is not lost. The presence of 
sulphides in the rock itself, the proximity of mineral veins, and 
the presence of sulphurous fumes in the atmosphere which would, 
of course, acidulate the rainfall, probably account for this 
abnormal nature of the weathering. Under such circumstances 
none of the constituents of the rock are constant, since they are 
all capable of passing into solution under such conditions. As, 
however, an increase of silica could not take place, this sub- 
stance must either decrease in amount, or remain constant, and 


the analyses can be best compared by assuming it constant. 


WALTER HaArRvEY WEED. 









































ATTEMPT TO FRAME A WORKING HYPOTHESIS 
OF THE CAUSE OF GLACIAL PERIODS ON AN 
ATMOSPHERIC BASIS. 





(Continued) 


III. 
LOCALIZATION OF GLACIATION. 


THE problem of localization is in some sense independent of 
the fundamental hypothesis offered in this paper, and the sug- 
gestions which follow may be accepted or rejected without 
carrying necessarily an approval or disapproval of the main 
hypothesis. 

The remarkable distribution of the great ice-sheets —The chief 
centers of the Pleistocene ice-sheet lay on the north-northeastern 
plains of North America, and on the northwestern quarter of 
Europe. On the northwestern Cordilleras there was also a nota- 
ble center, though it does not appear to have equaled the others 
in rank.*. The north-northeastern American centers are properly 
regarded as chief because the spread of the ice-sheets from them 


* This statement is perhaps open to some question. It is quite certain from field 
observations that the glaciation of the Cordilleran plateau in the United States and 
in British Columbia as far north at least as 51° Lat. was much feebler than that of the 
Mississippi basin at corresponding latitudes and much lower present altitudes. It 
seems also clear that the ice of the north Cordilleras did not creep out upon the plains 
to an extent at all comparable to the spread of the Scandinavian ice-sheet upon the 
plains of Europe. Considered from these points of view, and they seem to be the 
important ones, the statement can scarcely be questioned seriously. The evidences 
of glaciation on the mountainous border facing the Pacific from 48° northward are, 
however, quite impressive. They find their climax perhaps in the 4000 or 5000 feet of 
glacial débris which Russell reports in the foothills of the St. Elias range. In view 
of this it may perhaps be insisted that the glaciation of this region was excep- 
tionally concentrated on the Pacific border, because of the abrupt rise of the surface 
and the height of the mountains, and that the glacial discharge toward the Pacific 
was also exceptionally effective because the high gradient; so that, taking this 
intensification into account, the sum total of ice formation and ice action in this region 
may not have been so much inferior to that of the European area as the surface dis- 


tribution might seem to imply. 
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was much more extensive than from the other centers, and 
because they were not aided essentially by mountainous points of 
origin, for neither the Labradorean nor the Keewatin centers 
appear to have been initiated by mountainous elevations. It 
was a development of glaciation on plains, or at most on plateaus. 
This fact renders the American ice-fields conspicuously chief 
among all that developed in Pleistocene times. The glaciation 
of Europe was centered upon mountains; and remnants of 
glaciation still linger on the mountain heights of most of the 
old glacial fields, giving ground for the belief that the local 
topographic features were there important factors. The glacia- 
tion of northwestern Europe would possibly have been rather 
scant if it had received no greater topographic aid than was 
afforded in the Keewatin field, but apparently it would not have 
been absent. 

It has often been remarked that the Pleistocene glaciation 
was gathered about the north Atlantic, but it can scarcely be too 
much emphasized that the greatest of the glacial areas, and by 
far the most phenomenal, because of its plain topography, lies 
on the western, or what we are accustomed to regard as the 
windward, side of the Atlantic. 

It is further to be noted, that on the western side of America, 
the glaciation, though notable, was still seemingly much inferior 
to that of the great northeastern plains; and this in spite of its 
mountainous character and its adjacency to the great Pacific 
Ocean, a topographic and hydrographic conjunction which 
expresses itself now in the most vigorous glaciation outside of 
the polar circles. 

More or less nearly contemporaneous with the growth of the 
foregoing great ice-sheets, local glaciation developed on nearly 
all the mountain heights of the earth, whether in the northern 
or the southern hemisphere, and whether in high or low latitudes. 
This seems to imply an intensification of glacial conditions gen- 
erally, but at the same time to indicate that the great ice-sheets 


were dependent on some special agency of localization. In say- 


ing that these scattered areas of glaciation were approximately 
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contemporaneous, no dogmatic assertion is intended relative 
to the exact contemporaneity of glaciation or to its alternation 
in the northern and southern hemispheres, nor respecting the 
doctrine of migration of glaciation in longitude. Observational 
data are yet insufficient to decide these questions. It is obvious, 
however, that the hypothesis under consideration postulates 
essential contemporaneity throughout the globe. 

The constructive pole of the winds.—As a possible factor in the 
localization of glaciation, I venture to offer the suggestion that 
the axis of the earth’s rotation and the axis of the atmosphere’s 
circulation, constructively interpreted, are not identical. By the 
constructive axis of the winds I mean that ideal line about which 
the general currents of the atmosphere would be found to 
revolve if all minor movements were eliminated or equated and 
the aggregate east-west components only were regarded. In 
other words, it is suggested that the planetary system of circu- 
lation is obliquely adjusted to the planet. This was first sug- 
gested to me by a study of the peculiar courses of the arctic 
ice-drift. The polar ice-bearing currents are regarded by experi- 
enced arctic navigators as concrete expressions of the average 
movements of the atmosphere. To be sure, the ice-drift is 
affected by the ocean currents, but these are also, in the main, 
the results of the average direction and force of the winds, 
though they do not so immediately and definitely express it as the 
ice-drift, because they are also influenced by more remote agencies. 

If the axis of the currently postulated ‘“circumpolar whirl”’ 
of the atmosphere coincided with the axis of the earth, and if it 
were the poleward incurving spiral of the winds that swept the 
surface of the polar sea, the average ice-drift should assume, or 
tend to assume, a corresponding incurving spiral. The ice should 
crowd in toward the pole and rotate upon itself in a direction 
opposite to the hands of a watch. If this were true, the current 
which carried Nansen from east to west should have flowed from 
west to east. 

If the axis of the “circumpolar whirl” coincided with the 
axis of the earth, and it were the outward-running spiral that 
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swept the surface of the sea, the ice-fields should rotate in the 
opposite direction with a centrifugal tendency which should carry 
the ice outwards and press it against the adjacent continents and 
give a voluminous discharge down the north Atlantic. An 
attempt to drift oward the pole in such a system would be an 
absurdity, and Nansen’s feat would be inexplicable. 

Observed tce-drift— Neither of these are the phenomena 
observed. On the contrary, as now abundantly demonstrated, 
particularly by the remarkable drifts of the Jeannette and the 
Fram, the average movement near the coast of northern Asia 
and Europe is westward and slightly northward. This course 
is held until Greenland imposes itself as a barrier. The outer 
margin of the ice flow is then forced southward, but immediately 
it reaches Cape Farewell it curves closely about the point (at least 
during the summer months) and flows northward and westward 
to the vicinity of the arctic circle. It here encounters a new 
barrier in the islands of the American Arctic Archipelago and 
again moves southward. 

On the north coast of Greenland, so far as known, the ice 
presses hard upon the land, as though its normal course were 
southward. It flows persistently into the channel between Green- 
land and Grinnell Land, and gives rise to that strenuous ice-pack 
which has again and again been assailed by arctic navigators 
with such great daring and such little success. The recent 
adverse experiences of the Windward and the Fram are but a 
renewed expression of the persistence of this south-southwestward 
drift of the ice currents. 

On the north side of the Arctic Archipelago, west of Green- 
land, the ice crowds hard against the shore, and has thus far pre- 
vented the full penetration of Jones Sound or any of the other 
straits between the northern range of islands. The blocking of 
Jones Sound appears to be the result of an eastward as well as 
southerly crowding of the ice. 

Farther to the west Banks Strait and McClintock Chan- 


nel toyether form a continuous and rather broad water way, 


beginning in longitude 130° west and stretching southeasterly to 
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longitude 95° west. This channel is always tightly jammed with 
ice pressed in from the northwest. So persistent and strenuous is 
the pressure of this ice-pack that it constitutes an effectual barrier 
to the northwest passage, and has thus far mocked all attempt to 
force it. This implies a definite and persistent movement from 
the northwest to the southeast. 

It appears, then, that from far east of Greenland to the west- 
ern limits of the northern archipelago there is a definite con- 
vergence of the ice currents toward a point located somewhere 
north of Hudson Bay, 7. ¢.,a point lying to the north of the 
two great centers of Pleistocene glaciation, the Labradorean and 
the Keewatin, and on a meridian that runs between them. 

It is interesting to note that the point of convergence lies in 
the general vicinity of the magnetic pole. and this obviously 
leads to the further suggestion that there may be some genetic 
connection between the two as yet undetermined. 

Concurrent in import with this is the fact that on the opposite 
side of the north pole the coasts of northern Asia and Europe 
become partially free of ice each season. This, although doubt- 
less partly due to the effects of the fresh water borne in by 
the great rivers of those coasts, is probably none the less an 
expression of the fact that the polar ice is not crowded down 
upon those coasts; for if it were, its great mass would com- 
pletely overwhelm the effects of even the great Siberian rivers. 
This phenomenon, taken in connection with the direct observa- 
tions of the ice-drift made by De Long, Nansen, and others, 
leaves little room for doubt that the great polar ice-field drifts 
away from the Eurasian coast and crowds toward Hudson Bay. 
The meridian of, 90° may be taken as rudely representing the 
axis of this converging ice-drift. It is interesting to note that 
this same meridian bisects the Mississippi valley and crosses the 
southern apex of the great American glacial field. 

Distribution of arid zone.—Correlated with this remarkable 
phenomenon is an equally remarkable distribution of the great 
desert tracts of the eastern hemisphere. Commencing on the 
Atlantic coast of Africa between 10° and 30° north latitude, the 











6 7. C. CHAMBERLIN 


vw 


é 
arid belt stretches north of east across Africa and Asia until in 
Mongolia it lies between 30° and 50° north latitude. That is to 
say, in this stretch of 70° or 80° in longitude it has advanced 
20° in latitude. If now we select the meridian at 90° east, at 
or about which the desert area reaches its northern culmination, 
and follow this through the pole to a point 20° beyond on the 
meridian of 90° west, we are in the vicinity of the point towards 
which the arctic ice-drift seems to concentrate. And if we 
follow the same meridian southward we reach the point in the 
Mississippi valley where the ice-sheet had its southernmost exten- 
sion. It is to be noted further that this last point coincides 
with the region where a large percentage of the cyclones which 
descend from the northwest curve about and take northeasterly 
courses. 

If there were space here to enter into other particulars, addi- 
tional coincidences of an apparently significant nature might be 
found. The inference drawn is that the axis of the main polar 
whirl, if indeed the polar movement can be called a whirl, is not 
coincident with the axis of the earth, but lies at some point 
southward from it in the vicinity of the meridian of 90° west 
longitude and 20° more or less distant from the pole. 

Indications of meteorological data— As just implied, the idea 
entertained is not that there is a simple polar whirl whose axis 
is located here, but that the rather complex movements of the 
polar atmosph« re, when combined and correlated, give a theo- 
retical or constructive pole in this region. What is meant by 
this will appear more specifically from a study of the available 
meteorological data. Unfortunately these are yet quite imper- 
fect and partially uncorrelated, and hence I have given prece- 
dence to the natural correlation expressed in the ice-drift. The 
International Circumpolar Commission has not yet combined 
and discussed its data. It may therefore be most convenient to 
have recourse to Buchan’s* or Hann’s* meterological maps for 


* Challenger Reports. Physics and Chemistry, Vol. 11, Atmospheric Circulation. 


Maps 51 and 52 These include the main data gathered by the International Circum- 


polar Stat ns 


? Berghaus Physical Atlas. 
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the general features of atmospheric pressure and circulation. 
An inspection of Buchan’s isobaric maps shows that there are, 
north of 45° north latitude, two nearly permanent areas of low 
barometer and one of Aigh barometer. (See accompanying 


sketch maps I and 2, based mainly on Buchan’s.) The area of 





high barometer is located in Asia on the meridian of 100° east 
longitude. It may perhaps be regarded as one of the normal 
high areas that theoretically belong to the parallel of 30° north 
latitude, but which has been displaced 20° to the northward by the 
topographic conditions of the great Eurasian continent. Its two 
chief companions under this view lie, the one in the east Atlantic 
centering near the Azores, about 30° north latitude and 25° west 
longitude, the other in the east Pacific, off the coast of Califor- 
nia, in about 35 north latitude and 140° west longitude. But 
the Asiatic area of high pressure seems to combine in itself also 
the function of a polar center, for no other center, high or low, 
lies between it and the pole. Moreover, it is above mid-lati- 
tude, and is nearer the parallels of the two permanent areas 
of low pressure of the arctic region than to those of its 30° cor- 
relatives, for it lies itself in 50° north latitude, while the arctic 
“lows’’ lie in 55° and 60° north latitude respectively. 
Furthermore, as shown on Buchan’s map 52, these high-lati- 
tude centers are arranged about the pole at nearly equal distances 
from each other, the Asiatic “high” being in about 100° east 
longitude, the north Atlantic “low” in about 35° west longitude, 
and the north Pacific “‘low”’ in about 170° west longitude, z. ¢., 
their successive distances from each other are 135 , 145 , and 
140°. While these centers shift somewhat during the seasons, 
they are essentially fixed, the above statements being based on 
the isobaric averages for the year. These centers are therefore 
to be distinguished from the familiar moving cyclonic centers 
and are to be regarded as enduring factors which express the 
essentially permanent circulatory features of the circumpolar 
atmosphere. The Asiatic “high” is a permanent anti-cylonic 
area characterized by descending outward-flowing currents, 


attended by low precipitation and clear air. The north Atlantic 
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and north Pacific ‘lows’ are permanent cyclonic areas with 
inflowing ascending currents attended by high precipitation and 
prevalent fogs 

Of the two “lows” that of the north Atlantic is the broader 
and more northerly, and appears to be the more influential factor 
now, as presumably it was in Pleistocene times. The north 
Atlantic “low,” according to both Buchan and Hann. centers 
near the apex of Greenland ; the north Pacific “low” centers on 
the Aleutian islands. 

It is not difficult now to understand the peculiar behavior of 
the ice-drift of the polar seas. The Asiatic “high” with its 
outflowing currents pushes the ice off the Asiatic coast, while 
the currents inflowing toward the two “lows” impel it toward a 
point between the two. The Asiatic “high,’’ however, develops 
more to the northeast of its center than to the northwest, and 
the North American area of moderately high barometer extends 
a tongue to the northwest between the two “lows,” so that the 
two high areas approach each other north of the north Pacific 
“low”’ and reduce its influence upon the high latitude currents. 
These are therefore directed disproportionately toward the north 
Atlantic “low,” and give to it a dominating influence. Buchan’s 
maps of wind-directions for the winter months (when local influ- 
ences are reduced to the minimum) show that the prevailing 
wind currents flow concentrically about the north Atlantic center 
from the Lena on the east to the MacKenzie on the west, a stretch 
of 220° longitude. 

Correlation of circumpolar currents —But in considering the 
circumpolar circulation as a whole, it is necessary to combine all 
the movements about all these centers to find the true dynamic 
center or the constructive pole of the winds. While such a com- 
bination cannot be accurately made from present data, it is 
obvious that it must place this constructive pole somewhere to 
the northward and westward of the north Atlantic “low” and 
nearer to it than to either of the other centers. The point 


toward which the ice-drift converges satisfies these conditions, 


and may be taken as nature’s own practical correlation. Possibly 
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the magnetic pole may prove to be another expression of the 
same correlation, made indirectly through the agency of electric 
and magnetic dynamics springing from atmospheric circulation. 

One-sided location of “‘ lows.’’—As already noted, the two areas 
of permanent low barometric pressure are located on the Ameri- 


can side of the globe and have their centers, according to Hann 


-and Buchan, less than 140° Long. (,*, of the total 360°) apart. 


1s 

They are notably elongated in a general east-westerly direction, 
the north Atlantic area being especially extended easterly and 
northeasterly, and somewhat curved and reniform. If the iso- 
baric line of 29.95 inches, which represents the average pressure 
for the globe, be taken as defining the low areas, their borders 
are only about 40° Long. apart on the American side, while 
they are I15 Long. apart on the Asiatic side in about the same 
latitude. In other words, the distance between the borders of 
the low areas on the American side is about one third of the 
distance on the Asiatic side. The distance between the borders 
of the “lows” is only about one half their own longitudinal 
diameters. The tract between the borders of the “lows” on the 
American side being thus relatively narrow, it might naturally be 
anticipated that the currents within it would be much influenced 
by those of the adjacent depressions, and this seems to be ina 
large measure realized, for the winds on the northern American 
plains east of the Rocky Mountains flow in the main concentric 
to the north Atlantic depression. On Buchan’s map 52, which 
has a polar projection, the isobaric line of 30 inches describes 
nearly a circle about a point not far from the center of Green- 
land’s ice-field. (See sketch map 2.) In a rude way the pre 
vailing winds within this circle and for some short distance 
without it whirl about the Greenland center with inward tend- 
ency. The influence of the north Pacific depression does not 
appear to be appreciably felt east of the mountains. 

Relation of moving cyclones.—It is interesting to note in this 
connection that many of the moving cyclones that traverse the 
mid-latitudes of our continent seem to take their origin in the 


tract between these two permanent cyclonic areas, or in the 
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region immediately to the south of it, and that possibly they are 
but secondary eddies generated by the action of the great fixed 
ones. As before noted, the migrant eddies swing concentrically 
about the north Atlantic depression. 

Location of present glaciation— Coming closer home to the 
glacial problem, it is important to note that the two great areas 
of present arctic glaciation are intimately related to these two 
permanent cyclonic areas. The Alaskan and Greenland ice- 
fields not only lie within these areas of barometric depression, 
but are peculiarly related to them. It is, at first thought, 
not a little singular that, while the Alaskan ice-fields lie on the 
northeast border of the Pacific ‘‘low,’’ the ice-fields of Greenland 
that is, 


lie in the northwest quarter of the north Atlantic “ low; 
the chief glaciations lie detween the centers of the two permanent 
cyclonic areas. The apparent anomaly of maximum ice accu- 
mulation in the northwest quarter of the Greenland “low” prob- 
ably finds its explanation in the following considerations : 

1. The maximum precipitation (which is normally found in 
the southeast quarter of a “' low’’) and the maximum ice accumu- 
lation should not theoretically be coincident ; for the ice accu 
mulation is not a true measure of the precipitation, but merely a 
measure of that fart of precipitation which is frozen when it 
falls and survives melting and evaporation. Now in the north 
and west quarters a larger percentage of the precipitation is 
snow than in the south and east quarters, where the sum total of 
precipitation is greater. Moreover, the melting in the north 
and west quarters is obviously less than in the opposite quarters. 
The annual isotherms for the southeast quarter range from 35° 
up to 50° F., while those of the northwest quarter range from 
35° down too” F. The ice-fields of Greenland and the lands 
west of it lie in the tract whose annual average is below 32° F. 
Iceland, whose precipitation is greater, but whose glaciation is 
less, lies between isothermals 35° to 40° F. 

2. The configuration of the water area which wraps about 


Greenland gives special snow-precipitating efficiency to the 


winds that swing about the depression on its north side and 
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cross Greenland from the east and northeast. Zhe mature of 
the circulation is such that Greenland is really on the leeward side of 
the north Atlantic. This is shown by the following tables of pre- 
vailing winds. The first is from the prolonged observations 
recorded at Godthaab and Upernivik, by Dr. Rink; the second, 
from those taken under the direction of General Greeley at Fort 
Conger in the years 1882 and 1883: 


PERCENTAGES OF TIME DURING WHICH GREENLAND WINDS BLOW 
FROM THE DIRECTIONS NAMED 


At Upernivik At Godthaab 














Lat. 72° 47°. Long. 55° 35 Lat. 64° rz. Long. 51° 43 
Direction Winter Spring Summer | Autumn Winter Spring Summer | Autumn 
N. . 25.5 33-9 31.9 28.8 33.1 37-4 30.3 25-5 
i ensenen's 34.3 23.1 16.2 36.5 38 24.8 8.6 33.6 
in nese ones 15.5 20.3 28.0 18.1 16.1 21.7 32.9 22.9 
Ws. as 1.8 2.5 6.4 4.4 4.9 5-7 15.1 6.2 
Calms.....| 22.9 20.2 17.5 12.2 7-5 10.4 13.1 11.8 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
FREQUENCY AND VELOCITY OF WINDS AT FORT CONGER, 
LAT. 80° 44’ N., LONG. 64° 45° wW. 
1881-2 1882-3 
Direction ‘ ee 
Times Miles Times Miles 
il tte tivated acai hie aw ale 393% 1522 420 2401 
SS eae eee 761 3061 1022 4613 
Pikdeed 265000 Mone ee ne 1151% 4343 1369 4061 
SS ees Cibee aed 078% 3605 % 862 3650 
Miniik Cird, canbe bhai 683% 3864% 775 4214 
i Wheds cs ee ee eee 678 2011 goo 3059 
ee ink: Roeydaenends 371 949 343 997 
Pes Wistar accaceneeecaves 296 731 387 1142 
CE dash bien hbk ene ae 3408 1282 2682 50 


The winds of the summer months are much influenced by 
local features, especially by the sea, the naked earth and the ice 
fields, respectively, while in the cold months a nearly uniform 
mantle of snow or ice covers the whole surface in common, and 


removes essentially all sources of variation except those of 
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relief. Including the data of the summer months, the prepon- 
derant direction is shown by the above tables to be easterly. 
Omitting them, it becomes northeasterly. But in either case 
the dominant winds come from the north Atlantic, and justify 
the statement that Greenland is on the leeward side of the high 
north Atlantic and the adjacent part of the Arctic Ocean. 

In the eastern part of the Arctic Archipelago as far south as 
Hudson Straits the winds are very variable, a fact quite con- 
sistent with their physiographic surroundings, and with their 
location well toward the interior of the north Atlantic depression.’ 

The paths of the moving cyclones — Besides the general fact 
that the prevailing atmospheric currents from the Mackenzie to 
the Lena form a great eddy, with maximum conditions of 
glaciation on the north and west of its chief center near the apex 
of Greenland, it is to be noted that the paths of the moving 
“lows”’ are greatly influenced by the permanent depression at 
the center of the eddy. This is graphically shown for the north 
Atlantic portion of the region by Hann’s map No. 36? herewith 
reproduced (sketch map 3), in which it is shown that nearly all 
the moving ‘‘lows’’ curve to the northward in courses more or 
less rudely spiral or concentric to the permanent “low.” The 
larger number of paths run spirally in toward the permanent center, 
which suggests the conception that the great fixed cyclone is in 
some sense an aggregate of numerous small in-running migrant 
cyclones. If data were sufficient to permit the following of 
the complete courses of all the migrant cyclones from their origin 
to their extinction, a dominant system of great interest would 
probably be shown. As already remarked, a considerable num- 
ber of these migrant cyclones originate in the American north- 
west.3 These show a notable habit of sweeping southeasterly 

tl am greatly indebted to the Hon. Willis L. Moore, Chief of the United States 
Weather Bureau, and to Professor R. F. Stupart, of the Canadian Meteorological 
Service for transcripts of data relative to various high latitude stations not otherwise 
at my command 

? Berghaus’ Physical Atlas. 


“The North American continent is the region where cyclones form in large 


numbers, and Europe and Asia the region where they dissipate.” F.H. BIGELow: 
Am. Jour. Sci., Vol. VIII, December 1, 1889, p. 443. 
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into the Mississippi Valley, where they curve about and follow 
the courses shown on Hann’s chart. These courses seem to fall 
into two classes, the one running spirally inward toward the center 
of the great fixed eddy, the other spirally outward with dispersive 
tendencies. A suggestion relative to the possible reason for 
this last feature will be given in another connection. 

A more general view.—While all generalizations now enter- 
tained must be held very tentatively, because of the imperfection 
of present data, a general conception of the circulation of the 
northern part of the northern hemisphere, which will serve to 
bring together and give coherence and unity to the more special 
features which have been discussed, may be pardoned. 

The whole temperate and polar region is divisible into areas 
of high pressure (annual average above 29.95 inches, 760 mm) 
in which the dominant currents are downward and outward, and 
areas of low pressure (annual average below 29.95 inches, 760 
mm) in which the dominant currents are inward and upward. 
The mutual disposal of these gives a basis for a general view of 
the atmospheric circulation. 

The high pressure loop—In tracing the former we may start, 
for convenience, on the 30° latitude tract at its Atlantic node 
near the Azores, where it lies between 30° and 40° north latitude. 
Tracing it thence easterly, it inclines notably to the north, and 
at the meridian of 100° east, has made a northerly gain of 20° 
latitude. Thence onward it continues to gain in latitude, at 
first more rapidly and then less rapidly to about the meridian 
of 180°, when its course is nearly normal to the meridian, and 
its latitude may be roughly taken as 75°. Thence onward its 
course is south of east to the Mackenzie basin, and thence more 
southerly over the Canadian plains east of the Rocky Mountains 
until it again joins the high tract that normally lies near 30 
latitude. It thus makes a great loop swinging around the pole, 
and passing near it at its climax in latitude, and enclosing the 
great north Atlantic eddy (see sketch map 2). The tract is 


accentuated by nodes of an anticyclonic nature. The chief of 


these is the great “high” of Asia. This protrudes to the 
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southeast, and is constructively connected in that direction with 
the 30° belt, which develops a strong anticyclonic node near the 
California coast, beyond which it connects with the main tract 
which crosses the United States and the Atlantic near its normal 
position. Between this connection across the Pacific and the 
main loop before traced lies the Aleutian depression. 

The high tracts of the northern hemisphere therefore form 
(1) a great loop embracing the great north Atlantic depression 
and, (2) incidentally, as it were, a minor loop embracing the 
north Pacific depression. The great loop is not conceived as a 
current, much less a whirl, but as a tract along which the upper 
atmosphere habitually descends with outflowing tendencies. 
The enclosed area of low pressure is a tract over which the 
lower atmosphere habitually ascends with inflowing tendencies. 

Now the main loop and the main enclosed eddy lie on one 
side of the northern hemisphere and embrace the chief area of 
Pleistocene glaciation. This main loop and its enclosed eddy 
embrace about three fourths of the hemisphere north of 30° N. 
Lat. In the area left vacant, so to speak, the secondary Aleutian 
eddy is developed and covers the main area of the Cordilleran 
Pleistocene glaciation. 

There can be no question that this peculiar configuration is 
due to physiographic influences, particularly the oblique attitude 
and peculiar oceanic circulation of the Atlantic, and the similar 
obliquity of the main body of the eastern continent. To realize 
the full force of this obliquity one should trace on a globe the 
great axis of the eastern continent from Cape Verde on the pro- 
truding portion of Africa to Cape East at the extremity of Asia, 
an immense spiral, and then, starting from the coast of South 
America near the lesser Antilles, trace the axis of the North 
Atlantic to the heart of the Polar sea in a similar great spiral, 
essentially parallel to the former. With these primary influences 
many secondary ones are joined, some acting concordantly to 
intensify the obliquity of the circulation, and others acting dis- 
cordantly and tending to destroy its symmetry, and modify its 


configuration. 
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This discussion of the present circulation, too protracted for 
this place, yet too brief for its purpose, has seemed necessary to 
make clear the conception entertained respecting the agencies 
of localization. It has previously been urged in this paper that 
a reduction of the carbonic acid in the atmosphere and the con- 
sequent reduction of its heat-absorbing capacity must intensify 
the influence of all surface features. In the discussion of exist- 
ing glaciation I have endeavored to connect the present great 
ice-fields genetically with the two great areas of low pressure, 
and to associate them with an oblique disposal of the great circu- 
latory features. The chief centers of present glaciation lie on 
the borders of the American continent. The chief Pleistocene 
glaciations, were concentrically arranged about these centers. 
As has been pointed out by other students of Pleistocene glacia- 
tion, the yreat northeasterly ice-sheet had its western, southern 
and southeastern limits almost coterminous with the predomi- 
nant paths of northern migrant cyclones. To complete the 
hypothesis of localization it is therefore only necessary to assume 
an intensification of the present oblique system of circulation, 
with a further shifting of the centers of depression in the direc- 
tion of the present displacement, accompanied by a sufficient 
depression of temperature. And these are the effects assigned 
to a reduction of the atmosphere’s thermal] capacity due to loss 
of carbonic acid. 

Suggestion relative to migrant cyclones —One further feature 
deserves notice. If the constructive pole of the winds lies some- 
where between the earth’s pole and the American continent, the 
frictional action of the earth will affect the two sides of the eddy 
in opposite senses. On the western side ( from the American 
point of view) the friction will tend to drag the bottom air 
toward the cyclonic center and crowd the isobars upon each 
other. As the lines of the wind circulation and the earth rota- 
tion cross each other obliquely, a predisposition to form gyratory 
or cyclonic eddies may be inferred, and this may be one of the 


sources of migrant cyclones which may be regarded as small 


eddies in the grander cyclonic movements. 
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On the eastern side of the pole of the winds, the earth move- 
ment tends to drag the bottom air away from the center and this 
is perhaps one of the reasons why the moving cyclones on that 
side show a tendency to dispersal, both in course and in force, 
as previously noted. 

Possible relation to terrestrial magnetism.— It is scarcely appro- 


priate to this paper, if it were in my power, to discuss the rela- 





tions of this oblique system of atmospheric circulation to the 
oblique system of terrestrial magnetism. Crudely stated, the 
notion entertained is that an atmosphere charged with electricity, 
circulating obliquely about a rotating earth which is inset with 
magnetic and magnetizable matter, might give rise to a mag- 
netic system which should express the dynamic resultant of the 
atmospheric circulation. A comparison of the magnetic and 
atmospheric charts shows so many points of resemblance, some 
of which are striking peculiarities, as perhaps to justify this ten- 
tative notion until the mystery of the earth’s magnetism be solved. 
Connected with terrestrial magnetism are auroral manifestations 
whose distribution is notably similar to that of the chief Pleisto- 
cene glaciation, as was remarked many years ago when first the 
progress of exploration outlined the extent of the glacial depos- 
its. It can hardly be presumed that either terrestrial magnetism 
or auroral displays have in themselves any causal connection 
with glaciation, but if they are dependencies of atmospheric cir- 
culation they become eminently serviceable to glacial students 
by affording a tangible concrete expression of the dynamic 
correlation of the atmospheric circulation, free from the intricate 
complexities of the latter; in short, a natural resultant at easy 
command. The verity of the notion must, of course, depend 
wholly on the outcome of magnetic investigations on their own 


lines, which happily are now being vigorously prosecuted. 
SUGGESTIONS RELATIVE TO MINOR GLACIAL OSCILLATIONS 


It has already been noted that besides the oscillations of 
epochal order there were subsidiary ones which left their record 


in a series of concentric moraines which corrugate the individual 
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sheets of glacial débris. The latest drift sheets show this best. 
That designated Wisconsin is accentuated by nearly a score of 
peripheral ridges. Ina recent admirable paper by Keilhack* it 
is shown that similar lines of halt, and perhaps of minor advance, 
mark the corresponding European glacial sheet as deployed on 
the plains of north Germany ; indeed, even in some of the greater 
details, a striking correspondence is traceable between the two 
series, whose general identity in age and kind were long since 
noted by Salisbury.? These minor oscillatory phenomena seem, 
therefore, sufficiently general and sufficiently important to require 
an explanation, and this explanation is not necessarily connected 
with the fundamental cause of glaciation. The preceding dis- 
cussion carries in itself a suggestion which is worthy of note in 
passing. If the localization of the great ice-sheets was depend- 
ent on the general circulation of the atmosphere, any periodic 
shifting of the circulation of moderate magnitude might be com- 
petent to cause a shifting of the ice-sheets of corresponding 
nature. There are historical facts that give some color to the 
notion that such shiftings have taken place within the period of 
human records. The oscillations of existing glaciers point in a 
similar direction. There is clearly a secular shifting of terres- 
trial magnetism, but the nature of its cycle is yet undetermined. 
Current opinion gives it a periodicity which would quite well 


satisfy the demands of the concentric moraines. 


GLACIATION NEAR THE CLOSE OF THE PALEOZOIC ERA 


While the occurrence of extensive glaciation in India, Aus- 
tralia and South Africa near the close of the Paleozoic era may 
be regarded as fully established, a specific discussion of its 
origin along the lines of an atmospheric hypothesis presents for- 
midable difficulties, because the exact date of the glaciation, its 

*Die Stillstandslagen des letzten Inlandeises und die hydrographische Entwick- 


elung des pommerschen Kiistengebietes. Separatabdruck aus dem Jahrbuch der 


kénigl. preuss. geologischen Landesanstalt fiir 1898. Berlin. 


*Terminal Moraines in North Germany. Am. Jour. Sci., Vol. XXXV, p. 401. 
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immediate antecedents and the nature of contemporaneous con- 
ditions in other parts of the world are not yet satisfactorily 
determined. No embarrassment attends a merely general appli- 
cation of the atmospheric hypothesis set forth in this paper, and 
perhaps it would be wise in the present state of knowledge to be 
content with such general application. But the main purpose 
of the paper —to develop a working hypothesis, helpful in the 
promotion of investigation— would be measurably defeated 
thereby, for a general theory merely supposed to be applicable 
in some indefinite way, not even specifically thought out, much 
less shaped to promote definite inquiry, falls short of working 
qualities. Were the Paleozoic glaciation a high-latitude phe- 
nomenon which could be referred to the same category as the 
Pleistocene glaciation, we might well leave specific discussion 
until further data were afforded, for few additional doubts as to 
the verity of the hypothesis and probably few new lines of 
inquiry would be raised. But the Paleozoic glaciation presents 
characters so extraordinary as to render it the supreme problem 
of glaciation. In it every hypothesis finds its severest test. No 
hypothesis that does not, in some remote way at least, approach 
an elucidation of this supreme case can have serious claims to 
acceptance as a working theory. It is, therefore, imperative to 
frankly and fully recognize this crucial problem and deal with 
its difficulties as well as existing data permit. A really satisfac- 
tory discussion is quite impossible in the present nature of the 
case. The attendant atmospheric and geographic conditions 
must be postulated, consciously or unconsciously, but the data 
for such postulates are imperfect and their interpretation is at 
best not more than probable. It is hoped, however, that fairly 
good reasons can be assigned for everything assumed in this 
paper. 

The essential facts that make the Paleozoic glaciation a 
peculiarly strenuous problem are these : 

1. It occurred in an early stage of the earth’s history. No 
appeal can, therefore, be made to an advanced state of secular 


cooling leading on the “final winter” nor to any senile condition 
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inherent in an aged earth. If the traditional view that the 
primitive atmosphere constituted a vast store that has been grad- 
ually drawn upon throughout the ages in the formation of the 
coals and carbonates, and was their chief source, the atmosphere 
at the close of the Paleozoic era must still have been rich, deep 


and dense to a degree far surpassing the present atmospheric 


state, for vast deposits of coal and carbonates have since been 
made through its agency. One of the most conservative as well 
as most competent estimates of the consumption of carbonic acid 
since the Paleozoic era places it at 5000 times the present con- 
tent. To be conservative, let this be halved and halved again, 
and still the content of carbonic acid is 1250 times that of the 
present. This atmosphere was so different from that of the 
Pleistocene and present period as to render uncertain, if not 
inapplicable, all arguments founded upon the phenomena of the 
latter. The question of the constitution of the Paleozoic atmos- 
phere is, therefore, fundamental, because it affects the substratum 
of all arguments based on present or recent experience. Even 
with the above excessively reduced estimate, do we reach an 
atmospheric environment in which any known agency applicable 
to the case can be reasonably postulated as competent to cause 
general glaciation? In such an atmosphere, or in any atmos- 
phere greatly richer than the present in heat-absorbing and heat- 
retaining qualities, are there any sufficient grounds for seriously 
supposing that any of the putative causes of Pleistocene glacia- 
tion, whether topographic, geographic, latitudinal or astronomical, 
could produce such a glaciation as is recorded under the tropics 
of the far Orient. It is not a part of the purpose or the method 
of this paper to antagonize other hypotheses, but rather to invite 
their development into working coéperation and competition 
with that herewith advanced; but a wholesome interaction of 
hypotheses will be best attained by eliminating wholly untena- 
ble grounds and by bringing all hypotheses within the limital 
conditions of competency. It is, therefore, no transgression of 
my purpose to urge the question whether all hypotheses are not 


required, for their own conservation, to accept so much of the 
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fundamental postulates of the atmospheric hypothesis as are 
needful to give an atmosphere compatible with glaciation under 
such other conditions as prevailed in India, Australia and South 
Africa in the later Paleozoic. 

2. The localization was most extraordinary. The chief areas 
lay under the tropics —the Indian, under the Tropic of Cancer 
and the Australian and South African, under the Tropic of Cap- 
ricorn. The Indian area stretched southward to 17° 20’ N. Lat. 
and northward to the vicinity of 35°. The Australian area 
stretched north to 20° 30’ S. Lat. and southward (in Tasmania) 
to 42°. The extent of the South African area is less well known, 
but centers about 30° S. Lat. It appears then that on both 
sides of the equator glaciation reached two or three degrees 
within the tropics, while in the opposite direction general glacia- 
tion has not been traced beyond 42° To the south this signifies 
little because of the prevalence of the sea. To the north the 
apparent limitation is very singular and doubtless very signifi- 
cant. It cannot, however, be positively asserted that glaciation 
did not prevail in the higher latitudes, but no decisive evidence 
of it has yet been discovered. At the same time it must be 
recognized that many evidences of remarkable transportation 
and of unusual bowlder accumulation, and indeed of occasional 
striation have been reported, and that these have been attributed 
to glacial agencies by geologists of high standing. It cannot be 
affirmed at present that these phenomena were precisely con- 
temporaneous with the glacial deposits of the oriental tropics, 
but they were nearly so. 

In the southern portion of Brazil there are deposits strikingly 
similar to the glacial beds of Africa and Australia, but no stria- 
tion or distinctive marks of glaciation have yet been authorita- 
tively reported. 

The southernmost extent of the lowland Pleistocene glacia- 
tion was about 37° N. Lat. The Paleozoic glaciation, therefore 
reached 20° farther. 

The altitude of the glactation—Respecting the altitude at 
which the Paleozoic glaciation took place, it is to be remarked 
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that in some cases there is so intimate an association with 
marine deposits as to indicate that the ice reached the sea level 
and discharged icebergs. The associated marine fossils do 
not seem susceptible of explanation by mechanical admixture 
through the action of the ice, because of their condition and 
their position in the embracing sediments. Oldham’ reports 
that certain bowlder-bearing mudstones “contain delicate Fen- 
estellz and bivalve shells, with the valves still united, showing 
that they had lived, died, and been tranquilly preserved where 
they are now found, and proving, as conclusively as the matrix 
in which they are preserved, that they could never have been 
exposed to any currents of sufficient force and rapidity to trans- 
port the blocks now found lying side by side with them. These 
included fragments of rock are of all sizes from a few inches to 
several feet in diameter.” 

These and other evidences leave little room to doubt that a 
part of the glaciation at least affected low horizons. On the 
other hand, most of the glacial beds are so related to their own 
glaciated floor as to show that they were formed by land ice. 
This is confirmed by the nature of the striz, the relations of the 
transported blocks to their source, and the association of the 
glacial beds with fresh-water deposits. At present some of the 
glacial beds are 3000 to 3500 feet above sea level (Tasmania), 
but in general they are much lower. How much of this altitude 
is due to subsequent changes I do not know. There is, however, 
much evidence that the glaciation was not of the alpine type, or 
at least not simply of the alpine type. It spread over broad 
areas of moderate slope. 

In kind of glaciation and in topographic relations the Paleo- 
zoic phenomena seem to have been of the same class as the 
Pleistocene. 

Approximate age.—Professor David and other cautious writers 
of recent date do not attempt to locate the horizon of this glacia- 
tion nearer than Permo-Carboniferous. It is certain that in the 
Salt Range in northwestern India a Productus fauna overlies the 


*R. D. OLDHAM: Rec. Geol. Surv. India, XIX, 1886. 
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bowlder beds. From this and other paleontological evidence it 
would seem that the lowest of the glacial deposits at least ante- 
dated the disappearance of the Permian faunas from the seas.* 
It is unfortunate that the peculiar nature of the formation, and 
the not less peculiar nature of the associated flora, make it 
impossible at present to fix its exact horizon in terms of the 
European and American standards, so that the contemporaneous 
conditions in these regions could be determined. However, for 
the application of the atmospheric hypothesis the foremost ques- 
tion is the relationship of glaciation to the great agencies that 
affected the constitution of the atmosphere. These agencies 
were (1) the formation of coal, and (2) chemical reaction 
between the air and the earth’s surface. 

1. Relative to the first, it is certain that the glaciation 
closely followed the great coal-depositing period, and indeed 
fell in with the latest stages. In Australia there are consider- 
able deposits of coal (the Gretna Coal Measures, embracing 
twenty to forty feet of coal) deposited “between the erratic- 
bearing horizon of the lower marine series and the similar 
horizon of the upper marine series” (David).? If, therefore, 
we look to the deposition of coal as the agency of atmospheric 
exhaustion, the relationship is nearly ideal. 

2. If we look to elevation, and consequent large earth- 
contact, the relationship does not appear to be what theory 
would demand. It can scarcely be questioned that at the close 
of the Paleozoic period there was a very unusual surface move- 
ment, affecting great areas of the earth’s surface and increasing 
largely the exposure of the land. The period appears to have 
been altogether comparable to that at the close of the Tertiary 
period. If we were seeking the cause of the glaciation assigned 
to the Triassic, or the occasion of the salt and gypsum deposits 

* There is some evidence of another glacial horizon at or about the base of the 
Triassic (well indicated in White’s excellent synopsis, Am. Geol., May 1889, table, 


p- 315). The present discussion will, however, be confined to the lower horizon, that 


of the Talchirs and their equivalents. 


? Quarterly Jour. Geol. Soc., Vol. LII, May 1896, p. 300. 
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so widely prevalent in the Permian and Triassic formations, this 
elevatory movement would stand in the proper relations. But, 
if present evidence is to be trusted, it does not stand in the 
proper antecedent relations to the Permo-Carboniferous glacia- 
tion, at least not as the primary agency. Still, though there is 
an absence of evidence of large exposure of the land surface to 
atmospheric degradation for a notable period preceding the 
Permo-Carboniferous glaciation, there are good grounds for 
believing that the great era-closing movement of the Paleozoic 
had made notable advance even at this time. 

The Gondwana elevation —The glacial beds under considera- 
tion form the basal members of the remarkable Gondwana series, 
the chief members of which are land and fresh-water deposits. 
These in themselves imply a recently rejuvenated topography, 
for an ancient topography has a perfected drainage system and 
adjusted gradients. It is the dominant belief of those who have 
most studied the region circumjacent to the Indian Ocean, that 
the formation of the Gondwana series and the development and 
distribution of the remarkable Glossopteris flora, imply exten- 
sions and connections of land of a somewhat unusual kind. If 
this belief were accepted tothe full extent urged by its strongest 
advocates, it would in itself involve a very large exposure. I am 
not disposed, however, to force the doctrine of a Gondwana 
continent beyond the most modest limits, however much it might 
contribute to a favorable reception of the hypothesis under dis- 
cussion. It appears to me that the distribution of the Glossop- 
teris flora may be in some notable part a climatic rather than 
a topographic effect; that is to say, the peculiar atmospheric 
conditions, of which glaciation was the supreme expression, dis- 
tinguished that quarter of the globe from the rest, and may in 
themselves have controlled the distribution of the peculiar flora in 
question. It may therefore only be necessary to postulate such 
an extension of the land as was required to permit the migration 
of the flora and its companion fauna. 

However this may be, it is very generally agreed that some 


notable land extension prevailed as early as the origination and 
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distribution of the Glossopteris flora. It will be quite conserva- 
tive to assume that this involved a land connection between 
India and Australia, and probably New Zealand, the connection 
presumably lying along the submerged platform which even to 
this day stretches southeasterly from Asia to the islands in 
question with slight interruptions. It is not improbable that 
between India and South Africa at least a partial bridge was 
formed by the elevation of the submerged plateau on which 
Madagascar and the Seychelles rest, together with the tract 
now accentuated by the Maldive islands. 

A connection with South America (where the Glossopteris 
flora also appeared — southern Brazil and Argentina) involving 
the least radical departure from modern configuration, may have 
been made via New Zealand and the Antarctic continent. This, 
I believe, also best satisfies the general tenor of paleontological 
evidence. 

If the geographic changes were confined to such connections 
and extensions of land as these, and to such moderate eleva- 
tions as the nature of the glacial beds and the associated deposits 
seem to imply, and to such changes in the northern hemisphere 
as can fairly be assigned to the Permo-Carboniferous period, 
there does not seem to be adequate ground for attributing a very 
exceptional depletion of the atmosphere to land-contact alone, 
or chiefly, though it may have made some notable contribution 
in that direction. 

Effects of atmospheric depletion by coal deposition—We there- 
fore turn to coal-formation as the effective alternative. There 
are no reliable estimates of the total carbon in the coal and 
carbonaceous deposits of the Carboniferous period, but such 
approximations as have been made seem to show that it equals 
several times the present atmospheric content, and that its 
extraction superadded to the increasing formation of carbonates 
resulting from the rising land would have been competent to 
reduce to the point of glaciation an atmosphere three or four times 
as rich in carbon dioxide as the present ; in other words, such 


an atmosphere as the sub-Carboniferous climate seems to imply. 
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A question of no small interest is the special kind of effect 
which an atmosphere reduced by coal formation would induce 
as distinguished from that induced by depletion through earth- 
contact. In the latter, as already set forth, bicarbonates were 
the chief product, and carbon dioxide, temporarily locked up, 
played a very important part. Through the peculiar agency of 
the ocean this “loose” carbon dioxide hastened the develop- 
ment of glaciation, prepared the conditions for strong reaction 
and accelerated the reaction when inaugurated. In the forma- 
tion of coal and like products no such effective temporary factor 
is produced. The carbon is, to be sure, temporarily held in the 
vegetation, but so much as decays goes directly back into the 
atmosphere, in the main, and the rest becomes permanently fixed. 
Neither part goes into an intermediate state of reserve, subject 
to being called forth by change of conditions as in the case of 
the second equivalent of the bicarbonates of the ocean. The 
action is somewhat analagous to the original carbonation of the 
silicates of the crystalline rocks in which the first equivalent of 
carbon dioxide when once united remains fixed (barring accidents 
to which coal is also liable), but in this case there is also a 
second equivalent of carbon dioxide temporarily locked up so 
long as a state of solution is maintained. Succinctly stated, 
without the unessential qualifications: (1) Depletion by coal 
formation is accompanied by no intensifying and reactive factor ; 
(2) Depletion by conversion of silicates into carbonates is 
accompanied by an intensifying and reactive factor; (3) Deple- 
tion by the solution of limestone is wholly temporary in nature 
and specially capable of promoting intensification and reaction. 

If, therefore, the impoverishment of the atmosphere as the 
prerequisite of glaciation in Permo-Carboniferous times was due, 
in the main, to the extraction of carbon in the form of coal and 
like deposits, there was absent, to that extent, the factor to which 
the hastening of glaciation and of reaction is assigned. Before 
glaciation could be affected in the measurable absence of this 
accelerating agent, it was necessary for the permanent depletion 


to go to greater lengths. Moreover the depletion when once 
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affected was essentially a non-reactive one. Of course the reac- 
tive factor was never really absent, for the formation and solu- 
tion of carbonates was always in progress. In this case it is 
merely supposed to be the minor rather than the major factor. 
It is inferred, therefore, that a higher stage of permanent deple- 
tion of the atmosphere was reached before glaciation ensued 
through coal formation than would have been the case had the 
glaciation been produced by the formation of carbonates. To 
this, in a measure at least, is attributed the conditions which 
made it possible for the glaciation to affect lower latitudes in 
Permo-Carboniferous times than they did in Pleistocene times. 
As before noted, the Permo-Carboniferous glaciation extended 
20° nearer to the equator than the Pleistocene. 

The localization of the Permo-Carboniferous glaciation.—It 
remains to consider the remarkable localization of this ancient 
glaciation. Thegeneral principles involved are assumed to have 
been the same as those already applied to the Pleistocene prob- 
lem, but the geographic factors were quite different, and it is 
here that the lack of complete data is most keenly felt. In 
Pleistocene times, as also at present, certain great geographical 
features are thought to have given a pronouncedly oblique 
circulation to the air currents of the northern hemisphere. In 
the southern hemisphere at present a much greater approach to 
symmetrical circulation prevails because great oblique features 
are absent. It is postulated that the configuration of Permo-Car- 
boniferous lands and oceans was such as to seriously disturb the 
symmetry of the atmospheric and oceanic circulation of that 
hemisphere, and to give it peculiar form and special intensity. 

The geographic features of the Permo-Carboniferous period.—The 
assigned changes introduced by the development of Gondwana 
land have been mentioned. These are thought to have pro- 
longed the Asiatic continent southeasterly to Australia, and 
probably to New Zealand, and perhaps to the Antarctic land. 
This prolongation, taken with its backward projection across 
Asia and Europe, constituted an oblique feature of great exten- 
sion. It also interposed a barrier which very notably modified 
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the water connections of the Pacific and Indian oceans. The 
warm equatorial currents which now flow through the numerous 
straits of the East Indies and add warmth to the Indian Ocean 
were turned back, and their heat retained in the Pacific. At 
the same time the cold currents of the southern Indian and the 
adjacent Antarctic oceans were shut out measurably or wholly 
from the Pacific, and turned northward into the equatorial 
portion of the Indian Ocean. There was thus a concentration of 
heat in the one and of cold in the other. If the suggested con- 
nection of New Zealand with the Antarctic continent was made, 
these cold southern waters would have been effectively shut out 
from the Pacific and forced to circulate through the Indian Ocean. 
If the other conservative changes suggested to meet the demands 
of the Gondwana phenomena were realities, the Indian Ocean 
took the form of a great triangle with a very broad base in the 
antarctic regions, and a narrowed apex reaching across the 
equator to the vicinity of the Indian glaciation. 

In the north Atlantic region there is evidence that the great 
readjustment which closed the Paleozoic era had made notable 
advances at the probable time of the Oriental glaciation The 
New Red Sandstone of western Europe is not unlike the Gond- 
wana series in general characters, and indicates a like reju- 
venated land. Within it also are found arkose, conglomerates 
and breccias, often formed of large, far-transported blocks. 
‘‘Some of these blocks are three feet in diameter, and show dis- 
tinct striation. These Permian drift beds, according to Ramsay, 
cannot be distinguished by any essential character from modern 
glacial drifts, and he has no doubt that they were ice-borne, 
and, consequently, that there was a glacial period during the 
accumulation of the Lower Permian deposits of the center of 
England.” * There is good ground to believe that previous to 
the formation of these deposits the land on the European border 
of the Atlantic had risen relatively. There are similar evidences 
on the American side. The close relations between the land 
faunas and floras on the two continents strongly imply a free 


*SIR ARCHIBALD GEIKIE: Text-Book of Geology, p. 753. 
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land connection. This is most pointedly indicated by the dis- 
tribution of the amphibians of the Carboniferous and Permian 
periods. The Branchiosauria, Aistopoda, Microsauria, and Laby- 
rinthodontia vera were all represented on both continents, and 
unless the doctrine of parallel evolution be pushed to a seeming 
extreme, the only satisfactory explanation is an ample land con- 
nection. The amphibians of today are fatally affected by salt 
water, and even their eggs lose their vitality after a short sub- 
mergence in it. It cannot be positively affirmed that this was 
true of the Carboniferous amphibians, but the presumptions 
appear to lie in that line. At any rate the occurrence of all 
the leading branches on both continents renders it quite improb- 
able that a broad ocean intervened. It is therefore assumed 
that the Atlantic Ocean was restricted at the north by such con- 
nection. To be definite, it is assumed that it essentially termi- 
nated south of the Greenland-Iceland-Faroe platform, or possibly 
south of the Telegraphic plateau. 

There are few data that give specific indications as to the 
configuration of the north border of the Pacific at this time, but 
the considerations that have just been urged with reference to 
the distribution of the fauna and flora are apparently best satis- 
fied by supposing an emergence of the very slightly submerged 
continental platform of the arctic region generally. This is in 
harmony with the history of the preceding Paleozoic periods 
during which the Eurasian and North American continents were 
essentially a unit and free migration from one to the other was an 
oft-repeated, if not predominant, phenomenon. If this be the 
true inference the Pacific Ocean was limited at the north to about 
60° Lat. 

In equatorial latitudes it is not improbable that the Atlantic 
and Pacific oceans were united between the main bodies of the 
North American and South American continents, so that a com- 
mingling of waters took place here not unlike that which now 
obtains between the Pacific and Indian oceans. 

It is not improbable also, judging from the distribution of 
Permian marine beds, that inland seas extended along the 
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Mediterranean tract into eastern Europe and perhaps to the Cas- 
pian-Ural region of Asia; indeed, it is not altogether improbable 
that straits or narrow seas may have connected with the apex of 
the Indian ocean. At least in the later Permian times the 
marine faunas of India and of Europe were notably similar, 
and in the early Mesozoic they became so nearly identical as 
to make a connection along this line extremely probable. 

Effect of the supposed geographic changes on atmospheric circu- 
lation —While none of these postulated changes involve great 
terrestrial movements, or depart widely from the rather definite 
indications of the phenomena concerned, it will be seen upon a 
study of the resulting distribution of land and water that they 
probably profoundly affected the circulation of the atmosphere. 
The limitation of the Atlantic at the north by the European- 
American connection rendered it essentially an equatorial and 
warm temperate ocean. Its present high-latitude connection, 
involving the transportation of vast quantities of ice and cold 
water into it from polar regions and the reciprocal loss of heat 
borne into the high latitudes by the Gulf Stream, was eliminated. 
The atmospheric function of the Atlantic was, therefore, radically 
changed. That great oblique factor to which was assigned so 
large a function in the localization of Pleistocene glaciation, was 
largely absent from the Permo-Carboniferous circulation. To 
the similar restriction attributed to the north Pacific a minor 
limitation of a like kind may be assigned. Instead, therefore, 
of a polar sea exchanging its thermal properties with an equa- 
torial sea, as at present, there would be substituted a prevailing 
polar land, relieved probably only by the deep basin of the 
Arctic sea, whose limited extent and land-locked situation would 
render it little more significant in general climatology than the 
present Mediterranean. 

On the other hand, very notable oblique features appear in 
the equatorial and southern regions. The postulated changes of 
the Pacific Ocean, by shutting off its connections with the Indian 
Ocean, probably brought into effective influence its long north- 


westerly and southeasterly trend, now neutralized by its 
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westward connections. In other words, the somewhat balanced 
distribution of the present Pacific was replaced by an effective 
obliquity which could scarcely have failed to powerfully influ- 
ence the general circulation of the Paleozoic atmosphere. The 
northwest-southeasterly extension of the great Eurasian-Austra- 
lian land paralleled this and intensified its effects. In other 
words, the Pacific Ocean and the parallel’ Eurasian-Australian 
continent constituted, in Paleozoic times, a couplet of oblique 
features that were chiefly effective in the equatorial zone and 
the southern hemisphere. They replaced the similar pair now 
formed by the north Atlantic and the eastern continent. It is 
inferred, therefore, that an obliquity of circulation of a pro- 
nounced order prevailed in Permo-Carboniferous times, by virtue 
of which the southern hemisphere was brought under the influence 
of meteorological agencies analogous to those that in Pleistocene 
times affected the northern hemisphere. 

Some differences, however, are to be noted. The equatorial 
zone was then profoundly affected by the oblique features which 
lay directly athwart it. In addition to this there was the pecul- 
iar configuration of the Indian Ocean already set forth, namely, 
a broad, open mouth extended to the Antarctic polar regions, 
with a convergence to a narrow equatorial apex 20° or more 
north of the equator. The general course of the circulation in 
this may be assumed to have been much as it is today; that is, 
a movement in the polar latitudes, at first northerly and easterly, 
then curving about to the northward and northwestward as it 
approached the equatorial zone, and at length returning to the 
southwest along the African coast, thus forming a free circula- 
tion between the high latitudes and the low latitudes, with high 
latitude influences greatly preponderant. This circulation in 
Paleozoic times may be reasonably assumed to have been much 
more intense than at the present time, first, because there were 
then, by hypothesis, greater intensities of temperature, and 
second, because a larger percentage of the Antarctic waters were 
forced to flow into the apex of the Indian Ocean by the con- 
figuration of the land. This last statement would hold true even 
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if New Zealand were not connected with the Antarctic continent 


and South America, for the avenue of escape toward the Pacific 


would be circumscribed by the minimum elevations which the 
Gondwana phenomena seem to require. If the Antarctic-South- 
American connection were made, it would form a barrier to cir- 
cumpolar circulation, and all the polar ice-drift from South 
America to New Zealand would doubtless be forced northeast- 
erly into the Indian Ocean. This would certainly lend great 
intensity to the circulation of the polar currents through the 
Indian Ocean. The temperature of the latter would therefore be 
radically affected by the immense quantities of ice and cold 
water carried through it by this intensified circulation under the 
atmospheric conditions postulated. <A like profound influence 
upon the overlying atmosphere must necessarily have followed. 
The narrow apex of the ocean under the tropics would probably 
have afforded little relief from the dominance of these currents. 
If this cold area be contrasted with the heated state which 
should naturally prevail in the Pacific Ocean, because of its vast 
breadth under the equator, its limitations at the north and its 
somewhat narrow communication at the south (particularly if it 
be shut off from the Antarctic flow past New Zealand) should 
give rise to antithetical conditions of temperature and pressure 
sufficient to radically influence the general circulation of the 
southern hemisphere. It is conceived that this extraordinary 
couplet might even introduce a systematic exchange of atmos- 
pheres between the northern and the southern hemispheres, con- 
sisting essentially of a cold north-seeking current flowing across 
the Indian Ocean into the northern hemisphere, correlated with 
a warm return current flowing from the northern to the southern 
hemisphere across the tropical regions of the Pacific, but this 
conception is not regarded as a vital part of the hypothesis. 
The configuration of the Atlantic is supposed to have caused 
it to play a subordinate part, the northern portion becoming an 
auxiliary of the Pacific and the southern portion more or less 
largely an auxiliary of the Indian Ocean. If we assume that the 
Gondwana extension connected New Zealand with the Antarctic 














HYPOTHESIS OF CAUSE OF GLACIAL PERIODS 785 


lands and South America, the ocean currents may be pictured as 
sweeping eastward from South America along the icy borders of 
the Antarctic continent into the great bay south of Australia, out 
of which they recurved and flowed northward across the equator 
to the Indian peninsula, which they freely bathed, and, returning 
along the supposed Gondwana connection, wrapped about South 
Africa and then flowed northward toward the equatorial regions, 
a portion then curving backwards and descending the coast of 
South America to complete the circuit. Such a circulation would 
throw perhaps two thirds of the antarctic influence into the 
Indian Ocean. On the other hand, seven eighths or more of 
the equatorial influence would probably be brought to bear 
upon the Atlantic and Pacific oceans. Asa result these oceans, 
notwithstanding the impoverished condition of the atmos- 
phere, received and retained a large percentage of the sun’s 
heat. 
Referring to the principles stated earlier in this discussion, 





it may be remembered that it was noted that a diathermous 
atmosphere permits a larger part of the sun’s heat to reach the 
surface of the earth than a thermally opaque atmosphere, and 
that the portion which falls upon the ocean for the most part 
penetrates it until it is absorbed. A certain part, to be sure, is 
reflected, but in the zone of nearly vertical rays this is reduced 
to the minimum. As the result of the ocean’s ability to absorb 
and retain heat, the diathermacy of the atmosphere is of less 
consequence in equatorial oceanic regions than in land tracts and 
hence the great equatorial oceans may have remained measurably 
warm throughout the glacial period. 

It is conceived, therefore, that under these conditions, glaci- 


ation may have been produced in exceptionally low latitudes, and 





that its distribution was closely associated with the Indian Ocean. 
' At the same time it is conceived that the lands immediately 
adjacent to the Atlantic and Pacific oceans, especially in low 
‘ latitudes, were so far affected by the favorable thermal condition 
of those great bodies as to enjoy relatively mild temperatures, 
at least temperatures sufficiently genial to save them and the 
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adjacent lands from the exterminating effects that might natur- 
ally be associated with a glaciation in the tropics. 

Relative to the more specific location of the Permo-Carbonif- 
rous glaciation, it may be noted that a tendency to form “lows” 
in India, Australia, and South Africa, not far from the ancient 
glaciated areas, is observable even under the present conditions. 


It is presumed that much more pronounced eddies were, in 





Permo-Carboniferous times, located on the borders of the cold 
belt formed by the intensified antarctic circulation and that these 
determined the areas of specific glaciation. 

Conditions in the northern hemisphere.—In the arctic regions, a 
very low temperature may be confidently postulated under the sup- 
posed conditions, because of the extent of the land and the absence 
of oceanic circulation between the high north and the equatorial 
regions. A Siberian climate of an intensified order is therefore 
assumed to have prevailed over the high latitudes of the northern 
hemisphere. This may doubtless have given rise to limited 
accumulations of snow in favored localities, developing into 
glaciers, but on account of the general low precipitation and 
the dryness of the atmosphere, giving rise to large evaporation, 
this may not have become a pronounced fact. In so far as glacial 
deposits originated in the interior of the land they would be 
liable to destruction by surface denudation before submergence. 
The Permo-Triassic land period was long. Here and there, as 
already noted, there are phenomena which find their easiest 
explanation in glaciation and ice transportation. It is to be 
anticipated that, if this view be correct, further indications of 
severe temperature in northern latitudes will be developed in the 
course of future studies. It may be remarked that there is now 
nearly as much evidence of Permian glaciation in the northern 
hemisphere in regions away from mountains as there is of Pleisto- 
cene glaciation in the southern hemisphere in like situations. 

As remarked at the outset of this part of the paper, a really 
satisfactory discussion of the Permo-Carboniferous glaciation is 
impossible in the present state of knowledge. 1 am by no means 


blind to the uncertain factors that inhere, at once, in the time 
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relations, in the geographic features, and in the meteorological 
inferences drawn from them. The most that could be hoped 
from an attempt to explain so extraordinary phenomena in so 


imperfect a condition of the data is to suggest the general direc- 


tion in which, perchance, the truth may ultimately be found to 
lie. T. C. CHAMBERLIN. 











EDITORIAL 


Tue ‘“‘Commissaio Geographica e Geologica”’ of the State of 
Sao Paulo, Brazil, has just issued its first topographic sheet —a 
preliminary edition of the “folha de S. Paulo.” This is a thirty 
minutes sheet on a scale of one to one hundred thousand with 
contours twenty-five meters apart covering the region between 
Sao Paulo and Santos, and including both of those cities. It 
crosses one of the most characteristic and interesting pieces of 
topography of all South America—the Serra do Mar. The bit 
of coast shown in the vicinity of Santos is also a character- 
istic one, while the high plateau of the interior is beautifully 
shown between the crest of the serra and the city of Sao 
Paulo. 

Among other things brought out by this map is the evidence 
of a late depression of the coast. The bay of Santos and the 
estuaries thereabout are the remnants of a once much larger 
island-dotted bay that extended from Guaruja on the present 
coast to Cubatdo at the foot of the Serra. The mud buried hills 
that protrude from the marshes about Santos are only the 
summits of mountains whose bases were carried beneath the 
ocean water by this depression. 

The map is printed in three colors: the hydrography in blue, 
the topography in brown, the remainder in black. In appear- 
ance it is up to the highest standards of modern map making, 
and reflects great credit upon everyone responsible for its 
preparation and publication. That such work has been pro- 
vided for by the State of S. Paulo, and that the people have had 
the patience to await the slow and tedious processes of triangula- 
tion, field work, office work, and all the other preliminaries of a 
good map, is the most healthful and encouraging evidence we 
have yet seen of the high intelligence and modern progress of 
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that part of South America. It is pleasant to note that this 


important work has been entrusted to our fellow countryman 
and colleague, Professor O. A. Derby, and that his chief topog- 
rapher, Mr. Horace E. Williams, received his training in this 
country. 

: J. C. BRANNER. 




















A REFERENCE LIST OF SUMMARIES OF LITERA- 
TURE ON NORTH AMERICAN PRE-CAMBRIAN 
GEOLOGY, 1892 TO THE CLOSE OF 18608." 


In the Archean and Algonkian Correlation Paper, by C. R. 
Van Hise (Bulletin 86, U. S. Geol. Survey, 1892), North Ameri- 
can pre-Cambrian literature was fully summarized from the time 
of the earliest publications to 1892. Since 1892, summaries of 
pre-Cambrian literature have been published from time to time 
in the JouRNAL oF GeoLocy by C. R. Van Hise, and have lately 
been continued in the same periodical by C. K. Leith. The 
summaries thus far published are supposed to cover the field ot 
pre-Cambrian geology for North America from 1892 to the close 
of 1898. To facilitate reference to the summaries and original 
articles there is given below a list of the articles summarized, 
arranged alphabetically according to authors’ names, together 
with the volume and page of the JoURNAL in which the summary 
appears. At the end there will be found a list of the principal 
regions of pre-Cambrian exposure, and under each region the 
names of the men whose articles on .he pre-Cambrian of that 
area have been summarized. 

The summaries here listed and those to follow for the years 
1899 and 1900 will serve as a basis fora bulletin, to be issued 
under the joint authorship of C. R. Van Hise and C. K. Leith, 
supplementary to Bulletin 86, U.S. Geol. Survey. It is probable 
that there are a number of omissions and errors in the summaries 
listed, and it is hoped by sending out this bibliography that a 
number of them may be noted and brought to the attention of the 


* The summaries have appeared in the JOURNAL OF GEOLOGY as follows: 
Vol. 1, 1893, pp. 304-314, 532-541. 
Vol. Il, 1894, pp. 109-118, 444-454. 
Vol. III, 1895, pp. 227-236, 709-72 
Vol. IV, 1896, pp. 362-3 

Vol. VI, 1898, pp. 527-541, 739-753, 840-854. 


Vol. VII, 1899, pp. 190-205, 406-425, 702-708. 
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authors, who would be glad to know also of any errors or omis- 
sison in Bulletin 86 itself. Any correspondence with‘reference to 
them should be addressed to C. K. Leith, Madison, Wis. 

In order that the purpose and scope of the summaries may 
be clear to every one, there is repeated below the prefatory note 
published by C. R. Van Hise with the first lot of summaries 
appearing in the JOURNAL. 


The summary proper and the comments are kept wholly separate, 
in this way preventing the confusion which frequently comes from a 
mingling of the two. In the summaries the original language of the 
author is used as far as practicable, although a single sentence may 
be taken from several sentences of the original. Where it is dis 
advantageous to use the original language, other words are used. 
This often is necessary because the language which is adapted to com- 
plete exposition is often not the best adapted to résumé. No quota- 
tion marks are used ; for the ideas contained, whether in the original 
language or not, are wholly the ideas of the author, and the whole is in 
fact quoted. It might be thought that better results would be reached 
by indicating through quotations what words are taken from the origi- 
nal, but this method would necessitate an unpleasant and constant alter- 
nation from quoted to non-quoted phrases. As a result of experience 
with the two methods, the editor feels certain that he is able more accu- 
rately and fully, in a brief space, to represent the ideas of the original 
author by the method proposed, than by following the usual method. 

The summaries are confined to articles or parts of articles pertain- 
ing to pre-Cambrian stratigraphy. Purely economic or petrological 
articles are not summarized unless they concern pre-Cambrian strati- 
graphy, in which case the substance of the conclusions is given, rather 
than a full account of the observations and the manner of reaching 
them. 

The abstracts have the defects of all summaries, —a certain amount 
of inaccuracy, because many modifying and qualifying facts cannot be 
given, and because undue emphasis is placed upon the conclusions. 

In many cases no comments are made. This does not imply that 
the editor agrees with the statements of the summaries. To criticise, 
qualify, or refute the statements of the authors in all cases of disagree- 
ment, would often result in extending the space taken by the com- 
ments beyond that required for the summaries. However, when the 
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points at issue are of general interest or of fundamental importance, it 
is advisable to make comments and enter into discussions, even if the 
space taken by such comments be greater than that given to the sum- 
mary of the original articles. In such comments neither commenda- 
tion nor censure will be made, but the aim will be to point out the 
conclusions announced which fail of complete establishment and the 
generalizations which appear to go beyond what is warranted by the 
facts published. ‘The purpose of indicating what appear to the editor 
as deficiencies of these kinds is neither to put himself dogmatically in 
opposition to the statements of the author reviewed, but to direct 
attention to the questions involved, and in cases of doubt to keep them 
open for further study in the field and laboratory. 

ApDAmMs, F. D. 

Norian oder Ober-Laurentian von Canada. (Neues Jahrb., B. B. VIII, 
1893, pp. 419-498.) Summarized Journ. of Geol., vol. 2, p. IIo. 

On the typical Laurentian area of Canada. (Journ. of Geol., vol. 1, 
1893, pp. 325-340.) Summarized Journ. of Geol., vol. 2, p. III. 

Preliminary report on the geology of a portion of central Ontario situ- 
ated in the counties of Victoria, Peterborough, and Hastings, together 
with the results of an examination of certain ore deposits occurring in 
the region. (Ann. Rept. Geol. Surv. of Canada, for 1892-3, vol. 6, 
part J, pp. 15. 1895.) Summarized Journ. of Geol., vol. 3, p. 229. 

A further contribution to our knowledge of the Laurentian (Art. VII). 
(Am. Journ. of Sci., 3d ser., vol. 50, 1895, pp. 58-69. With plates I 
and II.) Summarized Journ. of Geol., vol. 4, p. 364. 

Laurentian area in the northwest corner of the Montreal sheet. Sup- 
plementary chapter to Ells’ report on a portion of the Province of 
Quebec. Ann. Rept. Geol. Surv. of Canada, for 1894, vol. 7, part J, 
pp. 93-112. 1896.) Summarized Journ. of Geol., vol. 6, p. 850. 

Report on the geology of a portion of the Laurentian area lying to the 
north of the island of Montreal. (Ann. Rept. Geol. Surv. of Canada, 
for 1895, vol. 8, part J, pp. 184. 1897. With geol. map.) Summar- 
ized Journ. of Geol., vol. 7, p. 411. 

——and BARLOow, A. E. 

On the origin and relations of the Grenville and Hastings series in the 

Canadian Laurentian. (Am. Journ. Sci., 4th ser., vol. 3, 1897, pp. 


2 


173-180.) Summarized Journ. of Geol., vol. 7, p. 413. 
AGUILERA, JOSE G., 

Sinopsis de Geologia Mexicana. (Bol. del Inst. Geol. de Mexico, Nums, 

4, 5, and 6, part 2, 1897, pp. 189-250. With geol. map.) Summar- 


ized Journ. of Geol., vol. 7, p. 707. 
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BAILEY, L. W. 

Preliminary report on geological investigations in southwestern Nova 
Scotia. (Ann. Rept. Geol. Surv. of Canada, for 1892-3, vol. 6, part Q, 
pp. 21. 1895. With geol. map.) Summarized Journ. of Geol., vol. 
4, p. 302. 

Report on the geology of southwest Nova Scotia. (Ann. Rept. Geol. 
Surv. of Canada, for 1896, vol. 9, part M, pp. 154. 1898. With geol. 


map.) Summarized Journ. of Geol., vol. 7, p. 423. 
| J 7 3 


BARLOw, A. E. 

Relations of the Laurentian and Huronian on the north side of Lake 
Huron. (Am. Journ. of Sci., 3d ser., vol. 44, 1892, pp. 236-239.) 
Summarized Journ. of Geol., vol. 1, p. 308. 

Relations of the Laurentian and Huronian rocks north of Lake Huron. 
(Bull. Geol. Soc. Am.,, vol. 4, 1893, pp. 313-332). Summarized 


Journ. of Geol., vol. 2, p. 114. 


— and FERRIER, W. F. 
On the relations and structure of certain granites and associated arkoses 
on Lake Temiscaming, Canada. (Geol. Mag., vol. 5, 1898, pp. 39- 
$1.) Summarized Journ. of Geol., vol. 7, p. 419. 
See Adams. 


See Ells. 


BASCOM, 

Che ancient volcanic rocks of South Mountain, Pennsylvania. (Bull. U. 
S. Geol. Surv., no. 136, 1896, pp. 124. With geol. map.) Summar- 
ized Journ. of Geol., vol. 6, p. 530. 

3AYLEY, W. S. 
Actinolite-magnetite-schists from the Mesabé iron range in northeastern 
Minnesota. (Am. Journ. Sci., 3d ser., vol. 46, 1893, pp. 176-180.) 
Summarized Journ. of Geol., vol. 2, p. 454. 
The eruptive and sedimentary rocks on Pigeon Point, Minnesota, and 
their contact phenomena. (Bull. U.S. Geol. Surv., no. 109, 1893, pp. 
121. With geol. map.) Summarized Journ. of Geol., vol. 4, p. 750. 
The basic massive rocks of the Lake Superior region. (Journ. of Geol., 
vol. 1, 1893, pp. 433-456; 587-596; 688-716; vol. 2, 1894, pp. 814- 
825; vol. 3. 1895, pp. I-20.) Summarized Journ. of Geol., vol. 4, 
p. 751. 
See Van Hise. 
BELL, ROBERT. 

On the Laurentian and Huronian systems north of Lake Huron. (First 
Rept. Bureau of Mines, Ontario, for 1891, pp. 63-94, 1892.) Sum- 
marized Journ. of Geol., vol. 1, p. 306. 
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Report on the Sudbury mining district. (Ann. Rept. Geol. Surv. of 

Canada, for 1890-1, vol. 5, part F, pp. 95. 1893. With geol. map.) 
Summarized Journ. of Geol., vol. 1, p. 539. 

Pre-Paleozoic decay of crystalline rocks north of Lake Huron. (Bull. 
Geol. Soc. Am., vol. 5, 1894, pp. 357-366.) Summarized Journ. of 
Geol., vol. 3, p. 228. 

Report on the geology of the French River sheet, Ontario. (Ann. Rept. 
of the Geol. Surv. of Canada, for 1896, vol. 9, part 1, pp. 29. 
1898. With geol. map.) Summarized Journ. of Geol., vol. 7, 
p. 416. 

BERKEY, C. P. 

Geology of the St. Croix dalles. (Am. Geol., vol. 20, 1897, pp. 348- 
383, and vol. 21, 1898, pp. 139-155, 270-294.) Summarized Journ. 
of Geol., vol. 7, p. IgI. 

BEYER, S. W. 

The spotted slates associated with the Sioux quartzite. (Johns Hopkins 
Univ. Circulars, no, 121, 1895, p. 10.) Summarized Journ. of Geol., 
vol. 4, p. 750. 

The Sioux quartzite and certain associated rocks. (lowa Geol. Surv., 
vol. 6, 1896, pp. 69-112.) Summarized Journ. of Geol., vol. 7, p. 705. 

BLUE, A. 
The new Ontario. (Fifth Rept. Bureau of Mines, Ontario, for 
1895, pp. 193-196. 1896.) Summarized Journ. of Geol., vol. 6, 


Bonney, T. G. 
The mode of occurrence of Eozoon Canadense at Cote St. Pierre. (Geol. 


Mag., vol. 2, 1895, pp. 292-299.) Summarized Journ. of Geol., vol. 
4, P- 363. 


Boss, C. M. 
Some dike features of the Gogebic iron range. (Trans. Am. Inst. Min. 
Engineers, vol. 27, 1898, pp. 556-563.) Summarized Journ. of Geol., 
vol. 7, p. 190. 


Brooks, A. H. 

Preliminary petrographic notes on some metamorphic rocks from eastern 
Alabama. (Bull. Geol. Surv. of Alabama, no. 5, 1896, pp. 177-197.) 
Summarized Journ. of Geol., vol. 6, p. 539. 

See Wolff, J. E. 


BUELL, I. M. 
Geology of the Waterloo quartzite area. (Trans. Wis. Acad. Sci., vol. 9, 
1893, pp- 255-274.) Summarized Journ. of Geol., vol. 2, p. 116. 
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BuRWASH, E. M. 

Geology of the Nipissing-Algoma line. (Sixth Rept. Bureau of Mines, 
Ontario, for 1896, pp. 167-184. 1897.) Summarized Journ. of Geol., 
vol. 7, p. 419. 

CLARK, Wm. Bb. 

The physical features of Maryland. (Maryland Geol. Surv., preliminary 
publication of vol. 1, 1897, part 3, pp. 95. With geol. map.) Sum- 
marized Journ. of Geol., vol. 6, p. 534. 

Outline of present knowledge of the physical features of Maryland, 
embracing an account of the physiography, geology, and mineral 
resources. (Maryland Geol. Surv., vol. 1, 1897, part 3, pp. 139-228 ; 
Historical sketch, part 2, ibid., pp. 43-138. With geol. map.) Sum- 
marized Journ. of Geol., vol. 6, p. 535. 

See Williams. 

CLEMENTS, J. M. 

The volcanics of the Michigamme district of Michigan (preliminary). 
(Journ. of Geol., vol. 3, 1895, pp. 801-822.) Summarized Journ. of 4 
Geol., vol. 4, p. 748. 

Notes on the microscopical character of certain rocks from northeast ' 
Alabama. (Bull. Geol. Surv. Alabama, no. 5, 1896, pp. 133-176.) 


Sm ne 


Summarized Journ. of Geol., vol. 6, p. 540. 


COLEMAN, A. P. 


. . . . . HK 
Gold in Ontario: its associated rocks and minerals. (Fourth Rept. y 
Bureau of Mines, Ontario, for 1894, pp. 35-100. 1895. Accom- b 
, : . . . Vy 
panied by two geol. maps of parts of the Rainy River district.) Sum- | 


marized Journ. of Geol., vol. 4, p. 744. 
A second report on the gold fields of western Ontario. (Fifth Rept. 
Bureau of Mines, Ontario, for 1895, pp. 47-106. 1896.) Summarized 


Journ. of Geol., vol. 6, p. 750. 


A third report on the West Ontario gold region. (Sixth Rept. Bureau 
of Mines, Ontario, for 1897, pp. 71-124. 1898.) Summarized Journ. 
of Geol., vol. 7, p. 201. 

Clastic Huronian rocks of western Ontario. (Seventh Rept. Bureau of 
Mines, Ontario, for 1898, vol. 7, pp. 151-160. 1898.) Summarized 
Journ. of Geol., vol. 7, p. 201. 

Notes on the petrology of Ontario. (Seventh Rept. Bureau of Mines, 
Ontario, for 1898, pp. 145-150. 1898.) Summarized Journ. of Geol., 


vol, 7, p. 201. 
CoLuie, G. L. 
The geology of Conanicut Island, Rhode Island. (Trans. Wis. Acad. 


Sci., vol. 10, 1895, pp. 199-230. With pl. 1V.) Summarized Journ. 


of Geol., vol. 4, p. 369. 
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Cross, WHITMAN. 

On a series of peculiar schists near Salida, Colorado. (Proc. Col. Sci. 
Soc., Jan., 1893, pp. 1-10.) Summarized Journ. of Geol., vol. 1, p. 532. 

Intrusive sandstone dikes in granite. (Bull. Geol. Soc. Am., vol. 5, 1894, 
pp. 225-230.) Summarized Journ. of Geol., vol. 3, p. 227. 

Pikes Peak folio. (Geol. Atlas of U. S., folio no. 7, U. S. Geol. Surv., 
1894.) Summarized Journ. of Geol., vol. 4, p. 371. 

General geology of the Cripple Creek district, Colorado. (Sixteenth 
Ann. Rept. U. S. Geol. Surv., for 1894-5, part 2, pp. 13-109. 1895.) 
Summarized Journ. of Geol., vol. 6, p. 848. 


See Emmons. 


CuLveER, G. E. 
Notes on the geology of Itasca county, Minnesota. (Twenty-second 
Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 1893, part 8, pp. 
97-114. 1894.) Summarized Journ. of Geol., vol. 3, p. 712. 


CUSHING, H. P. 

Geology of Clinton county, New York (preliminary). (Thirteenth Ann. 
Rept. State Geol. of N. Y., for 1893, vol. 1, pp. 475-489. Published 
also in Forty-seventh Ann. Rept. N. Y. State Museum, 1894.) Sum- 
marized Journ. of Geol., vol. 6, p. 527. 

On the existence of pre-Cambrian and post-Ordovician trap dikes in the 
Adirondacks. (Trans. N. Y. Acad. Sci., vol. 15, 1896, pp. 248-252.) 
Summarized Journ. of Geol., vol. 6, p. 528. 

Report on the geology of Clinton county. (Fifteenth Ann. Rept. State 
Geol. of N. Y., for 1895, vol. 1, pp. 503-573. 1898. Published also 
in Forty-ninth Ann. Rept. N. Y. State Museum, 1895.) Summarized 
Journ. of Geol., vol. 7, p. 407. 

Report on the boundary between Potsdam and pre-Cambrian rocks north 
of the Adirondacks. (Sixteenth Ann. Rept. State Geol. of N. Y., for 
1896, pp. 1-27. 1898. With sketch map. Published also in Fiftieth 
Ann. Rept. N. Y. State Museum, 1896.) Summarized Journ. of Geol., 
vol. 7, p. 408. 

Syenite-porphyry dikes in the northern Adirondacks. (Bull. Geol. Soc. 


Am., vol. 9, 1898, pp. 239-256.) Summarized Journ. of Geol., vol. 7, 


pp- 407. 


DALE, T. N. 
On the structure of the ridge between the Taconic and Green Mountain 
ranges in Vermont. (Fourteenth Ann. Rept. U. S. Geol. Sufv., for 
1892-3, part 2, pp. 525-549. 1894.) Summarized Journ. of Geol., 


vol. 4, p. 368. 
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DALY, R. A. 

Studies on the so-called porphyritic gneiss of New Hampshire. (Journ. 
of Geol., vol. 5, 1897, pp. 684-722, 776-794.) Summarized Journ. of 
Geol., vol. 6, p. 527. 

DaRTON, N. H. 
Fossils in the “Archaean” rocks of central Piedmont, Virginia. (Am. 
Journ. Sci., 3d ser., vol. 44, 1892, pp. 50-52.) Summarized Journ. of 
Geol., vol. I, p. 305. 

Fredericksburg folio. (Geol. Atlas of U. S., folio No. 13, U. S. Geol. 
Surv., 1894.) Summarized Journ. of Geol., vol. 6, p. 535. 

A preliminary description of the faulted region of Herkimer, Fulton, 
Montgomery, and Saratoga counties, N. Y. (Fourteenth Ann. Rept. 
State Geol. of N. Y., for 1894, pp. 31-56. 1896. Published also in 
the Forty-eighth Ann. Rept. N. Y. State Museum, vol. 2, 1895.) Sum- 
marized Journ. of Geol., vol. 6, p. 529. 

Artesian well prospects in the Atlantic coastal plain region. (Bull. U. 
S. Geol. Surv., No. 138, 1896, pp. 18-19.) Summarized Journ. of 
Geol., vol. 6, p. 540. 

Davis, W. M. 

The Triassic formation of Connecticut. (Eighteenth Ann. Rept. U. S. 

Geol. Surv., for 1896-7, part 2, pp. I-192. 1898. With geol. map.) 








q Summarized Journ of Geol., vol. 7, p. 702. 
Dawson, G. M. 

The physical geography and geology of Canada. (Handbook of Canada, 
issued by the Publishing Committee of the Local Executive of the 
British Assoc., Toronto, 1897.) Summarized Journ. of Geol., vol. 7, 
p. 424. 

Presidential address to the geological section of the British Association 


RN BES 


for the Advancement of Science. (Proc. Brit. Assoc. Adv. Sci., for 
1897, Section C, pp. 13.) Summarized Journ. of Geol., vol. 7, p. 424. 
DAWSON, SIR W. 

Note on Cryptozoon and other ancient fossils. (Canadian Record of Sci., 

vol. 7, pp. 203-219.) Summarized Journ. of Geol., vol. 7, p. 424. 
DowLING, D. B. 

Report on the country in the vicinity of Red Lake, and part of the basin 
of the Berens River, district of Keewatin. (Ann. Rept. Geol. Surv. of 
Canada, for 1894, vol. 7, part F, pp. 54. 1896. With geol. map.) 
Summarized Journ. of Geol., vol. 6, p. 751. 

See Tyrrell. 

ELDRIDGE, G. H. 
Anthracite-Crested Butte folio. (Geol. Atlas of U. S., folio no. 9, U.S. 


Geol. Surv., 1894.) Summarized Journ. of Geol., vol. 4, p. 371. 
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A geological reconnaisance in northwest Wyoming. (Bull. U. S. Geol. 
Surv., no. 119. 1894, pp. 17. With geol. map.) Summarized Journ. 
of Geol., vol. 4, p. 371. 

A geological reconnaisance across Idaho. (Sixteenth Ann. Rept. U. S. 
Geol. Surv., for 1894-5, part 2, pp. 217-276. 1895.) Summarized 
Journ. of Geol., vol. 6, p. 847. 

See Emmons. 


ELFTMAN, A. H. 

Preliminary report of field work during 1893 in northeastern Minnesota. 
(Twenty-second Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 
1893, part 12, pp. 141-180. 1894.) Summarized Journ. of Geol., 
vol. 3, p. 713. 

Notes upon the bedded and banded structures of the gabbro and upon 
an area of troctolyte. (Twenty-third Ann. Rept. Geol. and Nat. Hist. 
Surv. of Minn., for 1894, part 12, pp. 224-230. 1895.) Summarized 


Journ. of Geol., vol. 4, p. 751. 


E.utLs, R. W. 

The Laurentian of the Ottawa district. (Bull. Geol. Soc. of Am., vol. 4, 
1893, pp. 349-360.) Summarized Journ. of Geol., vol. 2, p. 109. 

Mica deposits in the Laurentian of the Ottawa district. (Bull. Geol. 
Soc. of Am., vol. 5, 1894, pp. 481-488.) Summarized Journ. of Geol., I 
vol. 3, p. 232. ' 

Report on a portion of the Province of Quebec, comprised in the south- 
west sheet of the “ Eastern Townships” map (Montreal sheet). (Ann. 
Rept. Geol. Surv. of Canada for 1894, vol. 7, part J, pp. 1-92. 1896). 
Summarized Journ. of Geol., vol. 6, p. 849. 

Notes on the Archean of eastern Canada. (Proc. and Trans. Royal 
Soc. of Canada, 2d ser., vol. 3, 1897, sec. 4, pp. 117-124.) Summarized 


Journ. of Geol., vol. 7, p. 414. 


and BARLOow, A. E. 


The physical features and geology of the route of the proposed Ottawa 





canal between the St. Lawrence river and Lake Huron. (Proc. and 
lrans. Royal Soc. of Canada, 2d ser. vol. 1, 1895, sec. 4, pp. 163-190. 


With sketch map.) Summarized Journ. of Geol., vol. 6, p. 852. 


EMERSON, B. K. 
Hawley sheet. (Geol. Atlas of U. S., preliminary publication of the 
Hawley sheet, U. S. Geol. Surv., 1894.) Summarized Journ. of Geol., ; 
vol. 4, p. 367. 
Geology of Old Hampshire county in Massachusetts. (Abstract in Bull. 
Geol. Soc. Am., vol. 7, 1896, pp. 5-7.) Summarized Journ. of Geol., 


vol. 4, p. 368. 
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Emmons, S. F., Cross, W., and ELDRIDGE, G. H. 

Geology of the Denver basin in Colorado. (Mon. U. S. Geol. Surv. no. 
27, 1896, pp. 556. With geol. map.) Summarized Journ. of Geol., 
vol. 6, p. 848. 

FERRIER, W. T. See Barlow. 
FINLAY, J. R. See Smyth, H. L. 
FRAZER, P. 

Notes on the northern Black Hills of South Dakota. (Am. Inst. Min. 
Engineers, vol. 27, 1898, pp. 204-228.) Summarized Journ. of Geol., 
vol. 7, p. 706. 

Grsson, T. W. 

The hinterland of Ontario. (Fourth Rept. Bureau of Mines, Ontario, 
for 1894, sec. 3, part on pp. 124-125. 1895.) Summarized Journ. 
of Geol., vol. 4, p. 744. 

GILBERT, G. K. 

Pueblo folio. (Geol. Atlas of U. S., folio, no. 36, U. S. Geol., Surv., 

1897.) Summarized Journ. of Geol., vol. 7, p. 706. 
GRANT, U. S. 

The stratigraphic position of the Ogishke conglomerate of northeastern 
Minnesota. (Am. Geol., vol. 10, 1892, pp. 4-10.) Summarized Journ. 
of Geol., vol. 1, p. 309. 

Field observations on certain granitic areas in northeastern Minnesota. 
(Twentieth Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 1891, 
pp- 35-110. 1892.) Summarized Journ. of Geol., vol. 2, p. 448. 

The geology of Kekequabik lake in northeastern Minnesota, with special 
reference to an augite soda granite. (A thesis accepted for the degree 
of Ph.D. in The Johns Hopkins University, 1893. Published in 
twenty-first Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 1892, 
pp. 5-58. 1893. With geol. map and plates). Summarized Journ. 
of Geol., vol. 7, p. 197. 

Preliminary report of field work during 1893 in northeastern Minnesota. 
(Twenty-second Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 
1893, part 4, pp. 67-78. 1894.) Summarized Journ. of Geol., vol. 3, 
p- 710. 


Note on the Keweenawan rocks of Grand Portage Island, north coast of 
Lake Superior. (Am. Geol., vol. 13, 1894, pp. 437-438). Summarized 
Journ. of Geol., vol. 3, p. 715. 

Sketch of the geology of the eastern end of the Mesabi iron range in 
Minnesota. (Enygineers’ Year Book, Univ. of Minn., 1898, pp. 49-62. 
With sketch map.) Summarized Journ. of Geol., vol. 7, p. 198. 

See Winchell, H. V. 











800 C. K. LEITH 


GRESLEY, W. S. 
Organic markings in Lake Superior iron ores. (Science, new ser., 
vol., 1896, pp. 622-623.) Summarized Journ. of Geol., vol. 6, 
p- 74 
GRIMSLEY, G. P. 
The granites of Cecil county, in northeastern Maryland. (Journ. of Cin- 


w 


of 


cinnati Soc. Nat. Hist., April and July, 1894, pp. 50.) Summarized 
Journ. of Geol., vol. 3, p. 236. 
GRISWOLD, L. S. 

Che geology of Helena, Montana, and vicinity. Journ. of the Assoc. of 
Engineering Societies, vol. 20, 1898, pp. 1-18.) Summarized Journ. 
of Geol., vol. 7, p. 706. 

HAGUE, A. 

The age of the igneous rocks of the Yellowstone National Park. (Am, 
Journ, Sci., 4th ser., vol. 1, 1896, pp. 445-457.) Summarized Journ. 
of Geol., vol. 6, p. 847. 

—— with WEED, W. H., and IDDINGs, J. P. 

Yellowstone National Park folio. (Geol. Atlas of U. S., folio no. 30, U. 

S. Geol. Surv., 1896.) Summarized Journ. of Geol., vol. 6, p. 846. 
HALL, C. W. and SARDESON, F. W. 

Paleozoic formations of southeastern Minnesota. (Bull. Geol. Soc. Am., 

vol. 3, 1892, pp. 331-368.) Summarized Journ. of Geol. vol. 1, p. 308. 
Hawes, G. W. 

Notes on the microscopic characters of the Alabama crystalline or 
metamorphic rocks. (Bull. Geol. Surv. of Alabama, no. 5, 1896, pp. 
131-132.) Summarized Journ. of Geol., vol. 6, p. 540. 

HAWORTH, E. 

rhe crystalline rocks of Missouri. (Missouri Geol. Surv., vol. 8, 1895, 

pp. 84-222. With geol. map.) Summarized Journ. of Geol., vol. 4. 


p- 370. 





Report on the Iron Mountain sheet—the Archean rocks. (Missouri 
Geol. Surv., vol. 9, 1896, pp. 15-27. With sheet no. 3.) Summarized 
Journ. of Geol., vol. 6, p. 841. 

See Keyes. 

HAYEs, C. W. 

Cleveland folio. (Geol. Atlas of U.S., folio no. 20, U.S. Geol. Surv., 

1895.) Summarized Journ. of Geol., vol. 6, p. 537. 
HILt, R. T. 

Notes on a reconnaissance of the Ouachita mountain system in Indian 

Territory. (Am. Journ. Sci., 3d ser., vol. 42, 1891, pp. t1-124.) 


Summarized Journ. of Geol., vol. 4, p. 370. 
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Hitcucock, C. H. 

The geology of New Hampshire. (Journ. of Geol., vol. 4, 1896, pp. 44- 
62.) Summarized Journ. of Geol., vol. 6, p. 527. 

Houuick, A. See Kemp. 
Hovey, H. C. 

Geological notes on the Isles of Shoals. (Abstract.) (Proc. Am. Assoc. 
Adv. Sci., for 44th meeting, 1895, pp. 136-137.) Summarized Journ. 
of Geol., vol. 6, p. 527. 

HUBBARD, L. L. 

Two new geological cross-sections of Keweenaw Point. (Proc. Lake 
Superior Min. Inst., vol. 2, 1894, pp. 79-96.) Summarized Journ. of 
Geol., vol. 4, p. 752. 

The relation of the vein at the Central Mine, Keweenaw Point, to the 
Kearsarge conglomerate. (Proc. Lake Superior Min. Inst., vol. 3, 
1895, pp. 74-83.) Summarized Journ. of Geol., vol. 6, p. 749. 

Hu st, N. P. ° : 

The geology of that portion of the Menominee range east of the Menom- 
inee river. (Proc. Lake Superior Min. Inst., 1893, pp. 19-29.) Sum- 
marized Journ. of Geol., vol. 2, p. 452. 

IDDINGS, J. P., WEED, W. H., and HAGUE, A. 

Livingston folio. (Geol. Atlas of U.S., folio no. 1, U. S. Geol. Surv., 
1894.) Summarized Journ. of Geol., vol. 4, p. 370. 

See Hague. 

KEITH, A. 

The geology of the Catoctin belt. (Fourteenth Ann. Rept. U. S. Geol. 
Surv., for 1892-3, part 2, pp. 285-395, 1894; and Geol. Atlas of U.S., 
Harper’s Ferry folio, no. 10, 1894.) Summarized Journ. of Geol., vol. 
4, p. 369. 

Knoxville and Loudon folios. (Geol. Atlas of U. S., folios nos. 16 and 
25, U.S. Geol. Surv., 1895 and 1896.) Summarized Journ. of Geol., 
vol. 6, p. 536. 

Kemp, J. F. 

The ore deposits at Franklin Furnace and Ogdensburg. (Trans. N. Y. 
Acad. Sci., vol. 13, 1893, pp. 76-98.) Summarized Journ. of Geol., 
vol. 6, p. 530. 

Geology of Essex county (preliminary). (Thirteenth Ann. Rept. of 
State Geol. of N. Y., for 1893, vol. 1, pp. 433-472. Published also in 
47th Ann. Rept. N. Y. State Museum, 1894. See The Geology of 
Moriah and Westport townships, Essex county. (Bull. N. Y. State 
Museum, vol. 3, 1895, pp. 325-351. With geol. map.) See Illustra- 
tions of the dynamic metamorphism of anorthosites and related 
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rocks on the Adirondacks. (Abstract in Bull. Geol. Soc. Am., vol. 7, 
1896, pp. 488-490.) Summarized Journ. of Geol., vol. 6, p. 528. 

Gabbros on the western shore of Lake Champlain. (Bull. Geol. Soc. Am., 
vol. 5, 1894, pp. 213-224.) Summarized Journ. of Geol., vol. 3, p. 234. 

The geological section of the East River, at Seventieth street, New York. 
(Trans. N. Y. Acad. Sci., vol. 14, 1895, pp. 273-276.) Summarized 
Journ. of Geol., vol. 6, p. 529. 

Crystalline limestones, ophicalcites, and associated schists of the eastern 
Adirondacks. (Bull. Geol. Soc. Am., vol. 6, 1895, pp. 241-262.) 
Summarized Journ. of Geol., vol. 4, p. 366. 

The titaniferous iron ores of the Adirondacks. (Abstract in Bull. Geol. 
Soc. Am., vol. 7,1896, p. 15.) Summarized Journ. of Geol., vol. 4, p. 367. 

The geology of the magnetites near Port Henry, New York. (Trans. 
Am. Inst. Min. Engineers, vol. 27, 1898, pp. 146-203.) Summarized 
Journ. of Geol., vol. 6, p. 529. 

Preliminary report on the geology of Essex county. (Fifteenth Ann. 
Rept. of the State Geol. of N. Y., for 1895. 1898. Published also in 
Forty-ninth Ann. Rept. N. Y. State Museum, 1895. With geol. map.) 
Summarized Journ. of Geol., vol. 7, p. 409. 

Cedlogy of the Lake Placid region. (Bull. N. Y. State Museum, vol. 5, 

 * no, 21, 1808, pp. 51-64. With geol. map.) Summarized Journ. of 
Geol., vol. 7, p- 409. 
Kemp, J. F., and HOLLICK, A. 

Granite at Mounts Adam and Eve, Warwick, Orange county, New York, 
and its contact phenomena. (Annals N. Y. Acad. Sci., vol. 7, 1892-4, 
pp. 638-654.) Summarized Journ. of Geol., vol. 3, p. 235. 

and MARSTERS, F. V. 

Che trap dikes of the Lake Champlain region. (Bull. U. S. Geol. Surv., 
no. 107, 1893, pp. 62. With geol. map.) Summarized Journ. of Geol., 
vol. 4, pp. 367. 

KEYES, C. R. 

Some Maryland granites and their origin. (Bull. Geol. Soc. Am., vol. 4, 
1893, pp. 299-304.) Summarized Journ. of Geol., vol. 2, p. 117. 

Characteristics of the Ozark Mountains. (Missouri Geol. Surv., vol. 8, 
1895, pp. 317-352.) Summarized Journ. of Geol., vol. 6, p. 841. 

Opinions concerning the age of the Sioux quartzite. (Proc. lowa Acad. 
Sci. for 1894, vol. 2, pp. 218-222. 1895.) Summarized Journ. of 
Geol., vol. 6, p. 840. 

Origin and relations of central Maryland granites, with an introduction on 
the general relations of the granitic rocks in the middle Atlantic Piedmont 
Plateau by G.H. Williams. (Fifteenth Ann. Rept. U.S. Geol. Surv. for 


1893-4, pp. 685-740. 1895.) Summarized Journ. of Geol., vol. 6, p. 535. 
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Geographic relations of the granites and porphyries in the eastern part 
of the Ozarks. (Bull. Geol. Soc. Am., vol. 7, 1896, pp. 363-375.) 
Summarized Journ. of Geol., vol. 6, p. 842. 

Geological occurrence of clays, in connection with a report on the clay 
deposits of Missouri, by Wheeler. (Missouri Geol. Surv., vol. 9, 1896, 
pp. 36-37.) Summarized Journ. of Geol., vol. 6, p. 843. 


KEYES, C. R. and HAWorRTH, E. 

Report on the Mine Le Mot sheet—General geology (Keyes); Archean 
geology (Haworth). (Rept. Missouri Geol. Surv., vol. 9, 1896, pp. 
14-44. With sheet no. 4.) Summarized Journ. of Geol., vol. 6, 
p. 842. 


KIMBALL, J. P. 
The magnetite belt at Cranberry, North Carolina. (Am. Geol., vol. 20, 
1897, pp. 299-312.) Summarized Journ. of Geol., vol. 6, p. 536. 
KING, F. P. 
Corundum deposits of Georgia; Chapter IV, Geology of the crystalline 
belt. (Bull. Geol. Surv. of Ga., no. 2, 1894, pp. 58-72.) Summarized 
Journ. of Geol., vol. 6, p. 538. 


LAKES, ARTHUR. 
Sketch of a portion of the Gunnison gold belt, including the Vulcan and 
Mammoth Chimney mines. (Trans. Am. Inst. Min. Engineers, 
vol. 26, 1897, pp. 440-448.) Summarized Journ. of Geol., vol. 7, 


p- 707. 


LANE, A. C. 
On microscopic characters of rocks and minerals of Michigan. (Rept. 
State Board Geol. Surv. of Mich., for 1891-2, pp. 176-183. 1893.) 
Summarized Journ. of Geol., vol. I, p. 539. 


Lawsov, A. C. 
Sketch of the coastal topography of the north side of Lake Superior, 
with special reference to the abandoned strands of Lake Warren. 
(Twentieth Ann. Rept. Geol. and Nat. Hist. Surv. of Minn., for 1891, pp. 
181-289. 1892.) Summarized Journ. of Geol., vol. 2, p. 444. 

The Norian rocks of Canada. (Science, old ser., vol. 21, 1893, pp. 
281-282.) Summarized Journ. of Geol., vol. 2, p. 114. 

On anorthosites of the Minnesota coast of Lake Superior. (Bull. Geol. 
and Nat. Hist. Surv. of Minn., no. 8, 1893, pp. I-23.) Summarized 
Journ. of Geol., vol. 1, p. 310. 

On the laccolitic sills of the northwest coast of Lake Superior. (Bull. 
Geol. and Nat. Hist. Surv. of Minn., no. 8, 1893, pp. 24-48.) Sum- 

marized Journ. of Geol., vol. 1, p. 313. 
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Multiple diabase dyke. (Am. Geol., vol. 13, 1894, pp. 293-296.) Sum- 
marized Journ. of Geol., vol. 3, p. 715. 

The geology of Carmelo Bay. (Bull. Dept. of Geol., Univ. of Cal., vol. 1, 
1893-6, pp. I-59.) Summarized Journ. of Geol., vol. 2, p. 118. 

Malignite, a family of basic plutonic rocks rich in alkalies and lime. 
(Bull. Dept. of Geol., Univ. of Cal., vol. 1, 1893-6, pp. 337-362.) Sum- 


marized Journ. of Geol., vol. 6, p. 750. 


LESLEY, J. P. 
On Laurentian and Huronian formations. (In Summary Rept. Geol. 
Surv. of Pa., vol. 1, 1892, pp. 53-164.) Summarized Journ. of Geol., 
vol. I, pp. 305-6. 
Low, A. P. 
Report on the geology and economic minerals of the southern portion of 
Portneuf, Quebec, and Montmorency counties, province of Quebec. 
(Ann. Rept. Geol. Surv. of Canada for 1890-1, vol. 5, part L, pp. 5-82. 
1892.) Summarized Journ. of Geol., vol. 3, p. 230. 

Report on explorations in the Labrador peninsula, along the East Main, 
Koksoak, Hamilton, Manicuagan, and portions of other rivers, in 1892, 
1893, 1894, and 1895. (Ann. Rept. Geol. Surv. of Canada, for 1895, 
vol. 8, part L, pp. 387. 1897. With geol. map.) Summarized Journ. 
of Geol., vol. 7, p. 421. 

Report on a traverse of the northern part of the Labrador peninsula, 


from Richmond Gulf to Ungava Bay. (Ann. Rept. Geol. Surv. of 
Canada, for 1896, vol. 9, part L, pp. 1-43. 1898. With geol. map.) 


> 


Summarized Journ. of Geol., vol. 7, p. 42 


te 


MARSTERS, F., V. See Kemp. 


MATTHEW, W. D. 
The intrusive rocks near St. John, New Brunswick. (Trans. N. Y. Acad. 


Sci., vol. 13, 1894, pp. 185-203.) Summarized Journ. of Geol., vol. 3, 
p. 232. 
The effusive and dyke rocks near St. John, New Brunswick. (Trans. 


N. Y. Acad. Sci., vol. 14, 1895, pp. 187-217.) Summarized Journ. of 
Geol., vol. }, p. 302. 
McCONNELL, R. G. 
Report on a portion of the district of Athabasca, comprising the country 
between Peace river and Athabasca river, north of Lesser Slave Lake. 


(Ann. Rept. Geol. Surv. of Canada, for 1890-1, vol. 5, part D, pp. 


5-62. 1893.) Summarized Journ. of Geol., vol. 3, p. 228. 
Report on an exploration of the Finlay and Omenica rivers. (Ann. 
Rept. Geol. Surv. of Canada, for 1894, vol. 7, part C, pp. 40. 1896.) 


Summarized Journ. of Geol., vol. 6, p. 843. 
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MERRILL, F. J. H. 

Geol. map of New York, published with report on Mineral Resources of 
New York State. (Bull. N. Y. State Museum, vol. 3, no. 15, 1895, 
pp. 365-595.) Summarized Journ. of Geol., vol. 6, p. 530. 

The geology of the crystalline rocks of southeastern New York. (Rept. 
N. Y. State Museum, 1896, pp. 21-44.) Summarized Journ. of Geol., 
vol. 7, p. 702. 

Geological map of New York, published with report on Road Materials. 
(Bull. N. Y. State Museum, vol. 4, no. 17, 1897, pp. 90-134.) Sum- 
marized Journ. of Geol., vol. 6, p. 530. 

MERRILL, G. P. 

Disintegration of the granitic rocks of the District of Columbia. (Bull. 
Geol. Soc. Am., vol. 6, 1895, pp. 321-332.) Summarized Journ. of 
Geol., vol. 4, p. 370. 

MILLER, W. G. 

Economic geology of eastern Ontario—corundum and other minerals. 

(Seventh Rept. of Bureau of Mines, Ontario, for 1898, vol. 7, pp. 207— 


> 


38. 1898.) Summarized Journ. of Geol., vol. 7, p. 411. 
MILLS, J. E. 

Stratigraphy and succession of the rocks of the Sierra Nevada of Cali- 
fornia. (Buil. Geol. Soc. Am., vol. 3, 1892, pp. 413-444.) Sum- 
marized Journ. 6f Geol., vol. 1, p. 305. 

NASON, F. L 

On iron ores of Missouri. (Rept. Missouri Geol. Surv., vol. 2, 1892, pp. 
16-69.) Summarized Journ. of Geol., vol. 1, p. 306. 

On some of the iron-bearing rocks of the Adirondack Mountains. (Am. 
Geol., vol. 12, 1893, pp. 25-31.) Summarized Journ. of Geol., vol. 2, 
p. 118. 

The chemical composition of some of the white limestones of Sussex 
county, New Jersey. (Am. Geol., vol. 13, 1894, pp. 154-164.) Sum- 
marized Journ. of Geol., vol. 3, p. 235. 

Summary of facts proving the Cambrian age of the white limestones of 
Sussex county, New Jersey. (Am. Geol., vol. 14, 1894, pp. 161-168.) 
Summarized Journ. of Geol., vol. 3, p. 235. 

NEWETT, G. A. 

The Marquette iron range of Michigan. (Proc. Lake Superior Min. 
Inst., vol. 3, 1895, pp. 87-108. With geol. map.) Summarized Journ. 
of Geol., vol. 6, p. 748. 

Norton, W. H. 


Artesian wells of lowa. (Geol. Surv. of Iowa, vol. 6, 1897, The Algon- 
kian, pp. 139-140.) Summarized Journ. of Geol., vol. 7, p. 705. 
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OSANN, A. 

Beitrage zur Geologie und Petrographie der Apache (Davis) Mountains, 
Westtexas. (Min. und Pet. Mitt., Bd. 15, Heft 5, 1896, pp. 394-486.) 
Summarized Journ. of Geol., vol. 6, p. 849. 

PARKS, W. A. 

Geology of base and meridian lines in the Rainy river district. (Seventh 
Rept. Bureau of Mines, Ontario, for 1898, vol. 7, pp. 161-183. 1898. 
With geol. map.) Summarized Journ. of Geol., vol. 7, p. 205. 

PEALE, A. C. 

The Paleozoic section in the vicinity of Three Forks, Montana. (Bull. 
U. S. Geol. Surv., no. 110, 1893, pp. 56.) Summarized Journ. of 
Geol., vol. 3, p. 227. 

Three Forks folio. (Geol. Atlas of U. S., folio no. 24, U. S. Geol. Surv., 


1896.) Summarized Journ. of Geol., vol. 6, p. 844. 


Prrsson, L. V. 

See Weed. 

Ries, H. 

The geology of Orange county, N. Y. (Fifteenth Ann. Rept. State Geol. 
of N. Y., for 1895, pp. 395-475. With geol. map. Published also 
in Forty-ninth Ann. Rept. N. Y. State Museum, 1895.) Summarized 
Journ. of Geol., vol. 7, p. 703. 

RUSSELL, I. C. ’ 

A geological reconnoissance in central Washington. (Bull. U. S. Geol. 
Surv., no. 108, 1893, pp. 20. With geol. map.) Summarized Journ. of 
Geol., vol. 4, p. 370. 

SAPPER, C. 

Grundziige der physikalischen Geographie von Guatemala. (J. Perthes’ 
Geog. Anst., Ergiainzungsheft, Nr. 113, 1894, pp. 59. With geol. 
maps.) Summarized Journ. of Geol., vol. 4. p. 372. 

Geology of Chiapas, Tabasco, and the peninsula of Yucatan. (Journ. of 
Geol., vol. 4, 1896, pp. 938-947.) Summarized Journ. of Geol., vol. 6, 
p. 849. 

SARDESON, F. W. 

See Hall. 

SEARS, J. H. 

Report on the geology of Essex county, Massachusetts, to accompany 
map. (Bull. Essex Inst., vol. 26, 1894, pp. 118-139.) Summarized 
Journ. of Geol., vol. 4, p. 367. 

Sm1TH, E. A. 

A general account of the character, distribution, and structure of the 

crystalline rocks of Alabama, and of the mode of occurrence of the 
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gold ores. (Bull. Geol. Surv. of Alabama, no. 5, 1896, pp. 108—1 30.) 
Summarized Journ. of Geol., vol. 6, p. 539. 


Situ, W. H. C. 

Report on the geology of Hunters Island and adjacent country. (Ann. 
Rept. Geol. Surv. of Canada, for 1890-1, vol. 5, part G, pp. 5-76. 
1892.) Summarized Journ. of Geol., vol. 3, p. 709. 

The Archean rocks west of Lake Superior. (Bull. Geol. Soc. Am., vol. 4, 


1893, pp. 333-348.) Summarized Journ. of Geol., vol. 2, p. 115. 


SmyTH, C. H., JR. 

A geological reconnoissance in the vicinity of Gouverneur. (Trans. N. 
Y. Acad. Sci., vol. 12, 1893, pp. 97-108.) Summarized Journ. of Geol. 
vol. I, p. 532. 

Petrography of the gneisses of the town of Gouverneur, New York. 
(Trans. N. Y. Acad. Sci., vol. 12, 1893, pp. 203-217.) Summarized 
Journ. of Geol., vol. 2, p. 117. 

A group of diabase dikes among the Thousand Islands, St. Lawrence 
river. (Trans. N. Y. Acad. Sci., vol. 13, 1893-4, pp. 209-204.) 
Summarized Journ. of Geol., vol. 6, p. 854. 

Gabbros in the southwestern Adirondack region. (Am. Journ. Sci., 3d 
ser., vol. 48, 1894, pp. 54-80.) Summarized Journ. of Geol., vol. 3, p. 234. 

Crystalline limestones and associated rocks of the northwestern Adiron- 
dacks. (Bull. Geol. Soc. Am., vol. 6, 1895, pp. 263-284.) Summarized 
Journ. of Geol., vol. 4, p. 365. 

Report on the crystalline rocks of St. Lawrence county. (Fifteenth Ann. 
Rept. State Geol. of N. Y., for 1895, vol. 1, pp. 481-487. 1898. Pub- 
lished also in 49th Ann. Rept. N. Y. State Museum, 1895.) Sum- 
marized Journ. of Geol., vol. 7, p. 406. 


SmyTH, H. L. 

A contact between the Lower Huronian and the underlying granite in 
the Republic Trough, near Republic, Michigan. (Journ. of Geol., vol. 
1, 1893, pp. 268-274.) Summarized Journ. of Geol., vol. 2, p. 446. 

Relations of the Lower Menominee and Lower Marquette series of Mich- 
igan (preliminary). (Am. Journ. Sci., 3d ser., vol. 47, 1894, pp. 216- 
223.) Summarized Journ. of Geol., vol. 4, p. 748. 

The quartzite tongue at Republic, Michigan. (Journ. of Geol., vol. 2, 
1894, pp. 680-691.) Summarized Journ. of Geol., vol. 4, p. 747. 


and FINLAY, J. R. 

The geological structure of the western part of the Vermilion range, 
Minnesota. (Trans. Am. Inst. Min. Engineers, vol. 25, 1895, pp. 595- 
645.) Summarized Journ. of Geol., vol. 4, p. 746. 

See Van Hise. 















808 C. K. LEITH 


SpuRrR, J. E. 

The iron-bearing rocks of the Mesabi range in Minnesota. (Bull. Geol. 
& Nat. Hist. Surv. Minn., no. 10, 1894, pp. 268. With geol. maps.) 
Summarized Journ. of Geol., vol. 3, p. 716. 

The stratigraphic position of the Thompson slates. (Am. Journ. Sci., 3d 
ser., vol. 48, 1894, pp. 159-165.) Summarized Journ. of Geol., vol. 3, 
p. 720. 

Topp, J. E. 

A preliminary report on the geology of South Dakota. (Bull. South 
Dak. Geol. Surv., no. 1, 1895, pp. 172. Withgeol. map.) Summarized 
Journ. of Geol., vol. 6, p. 840. 

Section along Rapid Creek from Rapid City westward. (Bull. South 

Dak. Geol. Surv., no. 2, 1898, pp. 27-40.) Summarized Journ. of 
Geol., vol. 7, p. 706. 
TYKRELL, J. B. 

Report on the Doobaunt, Kazan, and Ferguson rivers, and on the north- 
west coast of Hudson Bay. (Ann. Rept. Geol. Surv. of Canada, for 
1896, vol. 9, part F, pp. 218. 1898. With geol. map.) Summarized 
Journ. of Geol., vol. 7, p. 420. 

— — and Dow LIne, D. B. 

Report on the country between Athabasca Lake and the Churchill river 
in Canada. (Ann. Rept. Geol. Surv. of Canada, for 1895, vol. 8, part 
D, pp. 120. 1897. With geol.map.) Summarized Journ. of Geol., 
vol. 7» p- $19. 

VAN Hise, C. R. 

An historical sketch of the Lake Superior region to Cambrian time. 
(Journ. of Geol., vol. 1, 1893, pp. 113-128. With geol. map.) Sum- 
marized Journ. of Geol., vol. 2, p. 445. 

Some dynamic phenomena shown by the Baraboo quartzite ranges of cen- 
tral Wisconsin. (Journ. of Geol., vol. 1, 1893, pp. 347-355.) Sum- 
marized Journ. of Geol., vol. 2, p. 117. 

The Huronian volcanics south of Lake Superior. (Abstract in Bull. 
Geol. Soc. Am., vol. 4, 1893, pp. 435-436.) Summarized Journ. of 
Geol., vol. 2, p- 454. 

Character of the folds in the Marquette iron district. (Abstract in Proc. 
Am. Assoc. Adv. Sci., for 42d meeting, 1893, p. 171.) Summarized 
Journ. of Geol., vol. 4, p. 748. 

The succession in the Marquette iron district of Michigan. (Abstract 
in Bull. Geol. Soc. Am., vol. 5, 1894, pp. 5-6.) Summarized Journ. 
of Geol., vol. 2, p. 453.) 

A central Wisconsin baselevel. (Science, new ser., vol. 4, 1896, pp. 57- 
59.) Summarized Journ. of Geol. vol. 6, p. 749. 

A northern Michigan baselevel. (Science, new ser., vol. 4, 1896, pp. 
217-220.) Summarized Journ. of Geol., vol. 6, p. 749. 
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VAN Hise, C. R., with BAYLEY and SMYTH. 
The Marquette iron-bearing series of Michigan. (Mon. U.S. Geol. Surv., 
no. 28, 1896, pp. 608. With geol. atlas of 39 plates.) Summarized 
Journ. of Geol., vol. 6, p. 739. 


WADSWORTH, M. E. 


On subdivisions of the Azoic or Archean in northern Michigan. (Am. 
Journ. of Sci., 3d ser., vol. 45, 1893, pp. 72-73.) Summarized Journ. of 
Geol., vol. 1, p. 538. 


On geology of the iron, gold, and copper districts of Michigan. (Rept. 
State Board Geol. Surv. of Mich., for 1891-2, pp. 75-174. 1893.) 
Summarized Journ. of Geol., vol. 1, p. 534. 

The origin and mode of occurrence of the Lake Superior copper deposits. 
(Trans. Am. Inst. Min. Engineers, vol. 27, 1898, pp. 669-696.) Sum- 
marized Journ. of Geol., vol. 7, p. Igo. 

WaALcortrT, C. D. 

Algonkian rocks of the Grand Canyon of the Colorado. (Journ. of Geol., 
vol. 3, 1895, pp. 312-330. Published also in Fourteenth Ann. Rept. 
U. S. Geol. Surv., for 1892-3, part 2, pp. 487-524. 1895.) Summarized 
Journ. of Geol., vol. 4, p. 372. 

WALKER, T. L. 
Geological and petrographical studies of the Sudbury nickel district of 


Canada. (Quart. Journ. Geol. Soc., vol. 53, 1897, pp. 40-66. With 
geol. map.) Summarized Journ. of Geol., vol. 7, p. 416. 
| WEED, W. H., and Prrsson, L. V. 


Geology of the Castle Mountain mining district, Montana. (Bull. U.S. 
Geol. Surv., no. 139, 1896, pp. 165. With geol. map.) Summarized 
Journ. of Geol., vol. 6, p. 845. 

The geology of the Little Rocky’ mountains. (Journ. of Geol., vol. 4, 
1896, pp. 399-428.) Summarized Journ. of Geol., vol. 6, p. 846. 

See Hague. 

WEIDMAN, S. 

On the quartz keratophyre and associated rocks of the north range of the 
Baraboo Bluffs. (Bull. Univ. of Wis., sci. ser., vol. 1, 1895, pp. 35-56.) 
Summarized Journ. of Geol., vol. 4, p. 750. 

A contribution to the geology of the pre-Cambrian rocks of the Fox River 
Valley, Wis. (Bull. Wis. Geol. and Nat. Hist. Surv., no. 3, 1898, pp. 
63.) Summarized Journ. of Geol., vol. 7, p. 704. 

WESTGATE, L. G. 

The age of the crystalline limestones of Warren county, New Jersey. (Am. 
Geol., vol. 14, 1894, pp. 369-379.) Summarized Journ. of Geol., vol. 3, 
p- 2306. 

The geology of the northern part of Jenny Jump Mountain, Warren 
county. (Ann. Rept. Geol. Surv.of N. J., for 1895, pp. 21-61. 1896.) 

Summarized Journ. of Geol., vol. 6, p. 531. 
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White, T.G. 
The geology of Essex and Willsboro’ townships, Essex county, New York. 


(Trans. N. Y. Acad. Sci., vol. 13, 1894, pp. 214-233.) Summarized 
Journ. of Geol., vol. 6, p. 528. 
WHITTLE, C. L. 

The occurrence of Algonkian rocks in Vermont and the evidence for their 
subdivision. (Journ. of Geol., vol. 2, 1894, pp. 396-429.) Sum- 
marized Journ. of Geol., vol. 3, p. 233. 

General structure of the main axis of the Green Mountains. (Am. Journ. 
Sci., 3d ser., vol. 47, 1894, pp. 347-354.) Summarized Journ. of Geol., 
vol. 3, p. 232. 

WILLIAMS, G. H. 

Notes on the microscopical character of rocks from the Sudbury mining 
district, Canada. (Ann. Rept. Geol. Surv. of Canada, for 1890-1, vol. 
5, part F, App. I, pp. 55-82. 1893.) Summarized Journ. of Geol., vol. 
I, p. 541. 

General relations of the granitic rocks in the middle Atlantic Piedmont 
plateau. (Introduction to origin and relation of central Maryland 
granites, byC. R. Keyes, Fifteenth Ann. Rept. U. 5. Geol. Surv., for 
1893-4, pp. 659-684. 1895.) Summarized Journ. of Geol., vol. 6, p. 533. 

— and CLARK, W. B. 

Geology and physical features of Maryland. (Extract from World’s Fair 
Book on Maryland; Baltimore, 1893, pp. 1-67. With geol. map.) Sum- 
marized Journ. of Geol., vol. 6, p. 532. 

WILuMotTrT, A. B. 

The Michipicoton mining division. (Seventh Rept. Bureau of Mines, 
Ontario, for 1898, vol. 7, pp. 184-206. 1898.) Summarized Journ. of 
Geol., vol. 7, p. 415. 

WINCHELL, A. 

The Koochiching granite. (Am. Geol., vol. 20, 1897, pp. 293-299.) Sum- 

marized Journ. of Geol., vol. 7, p. 200. 
WINCHELL, H. V. 

On the Mesabi iron range. (Twentieth Ann. Rept. Geol. and Nat. Hist. 
Surv. Minn., for 1891, pp. 11-180. 1892. See also Proc. Am. Inst. Min. 
Engineers, vol. 21, 1893, pp. 644-685 and 951-961.) Summarized 
Journ. of Geol., vol. 2, p. 449. 

The iron ranges of Minnesota. (Proc. Lake Superior Min. Inst., vol. 3, 
1895, pp. 11-32.) Summarized Journ. of Geol., vol. 6, p. 750. 

—— and GRANT, U. S. 

Preliminary report on the Rainy Lake gold region. (Twenty-third Ann. 
Rept. Geol. and Nat. Hist. Surv. Minn., for 1894, part 2, pp. 36-105. 
1895.) Summarized Journ. of Geol., vol. 4, p. 745. 





























A REFERENCE LIST OF SUMMARIES 811 


WINCHELL, N. H. 


The crystalline rocks. (Twentieth Ann. Rept. Geol. and Nat. Hist. Surv. 
Minn., for 1891, pp. 1-28. 1892.) Summarized Journ. of Geol., vol. 2, 
p. 446. 

On the Norian of the northwest. (Prefatory note to Bull, Geol. and Nat. 
Hist. Surv. Minn., no. 8, 1893, pp. iii-xxii.) Summarized Journ. of 
Geol., vol. I, p. 309. 

The origin of the Archean greenstones. (Twenty-third Ann. Rept. Geol. 
and Nat. Hist. Surv. Minn., for 1894, part 2, pp. 4-35. 1895.) Sum- 
marized Journ. of Geol., vol. 4, p. 753. 

Crucial points in the geology of the Lake Superior region. (Am. Geol., 
vol. 15, 1895, pp. 153-162, 229-234, 295-304, 356-363; and vol. 16, 
1895, pp. 12-20, 75-86, 150-162, 269-274, 331-337.) Summarized 
Journ. of Geol., vol. 4, p. 754. 

Some new features in the geology of northeastern Minnesota. (Am. 
Geol., vol. 20, 1897, pp. 41-51.) Summarized Journ. of Geol., vol. 7, 
p. 194. 

The origin of the Archean igneous rocks. (Abstract in Proc. Am. Assoc. 
Adv. Sci., vol. 47, 1898, pp. 303-304. Published also in Am. Geol., 
vol. 22, 1898, pp. 299-310.) Summarized Journ. of Geol., vol. 7, 
p- 194. 

The oldest known rock. (Abstract in Proc. Am. Assoc. Adv. Sci., vol. 
47, 1898, pp. 302-303.) Summarized Journ. of Geol., vol. 7, p. 193. 
The significance of the fragmental eruptive débris at Taylor's Falls, 
Minnesota. (Am. Geol., vol. 22, 1898, pp. 72-78.) Summarized Journ. 

of Geol., vol. 7, p. 192. 

Some resemblances between the Archean of Minnesota and of Finland. 

(Am. Geol., vol. 21, 1898, pp. 222-229.) Summarized Journ. of Geol., 


vol. 7, p. 195. 


WINSLow, A. 


The geology and mineral products of Missouri. (From “ Missouri at the 
World’s Fair.’ Official publication of the World’s Fair Commission 


of Missouri.) Summarized Journ. of Geol., vol. 2, p. 117. 


WOLFF, J. E. 


Geological structure in the vicinity of Hibernia, New Jersey. (Ann. 
Rept. Geol. Surv. of N. J., for 1893, pp. 359-369. 1895.) Summarized 
Journ. of Geol., vol. 4, p. 369. 

Report on Archean geology: the eruptive rocks of Sussex county, New 
Jersey, with reference to their economic value. (Ann. Rept. Geol. 
Surv. of N. J., for 1896, pp. gI-94. 1897. With map.) Summarized 


Journ. of Geol., vol. 6, p. 531. 
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Wo rr, J. E. and Brooks, A. H. 
The age of the Franklin white limestone of Sussex county, New Jersey. 
(Eighteenth Ann. Rept. U.S. Geol. Surv., for 1896-7, part 2, pp. 425- 
457. 1898. With geol. map.) Summarized Journ. of Geol., vol. 7, 
p. 703. 
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REVIEWS 

The Upper Silurian fauna of the Rio Trombetas, State of Parad, Brazil. 
By Joun M. Crarke. Archivos do Museu Nacional do Rio de 
Janeiro, 1897-1899, Vol. X, 1-48. Rio de Janeiro, 1899. 

Devonian mollusca of the State of Pard, Brazl. By Joun M. 
CLARKE, idem 49-174. 


These two papers are published in both English and Portuguese and 
are accompanied by eight beautifully drawn quarto plates, done by 
lithographers accustomed to work of this kind, illustrating all the 
species described. 

The collections described are those made in 1876, in the Amazon 
valley, by the extinct “Commissao Geologica” or Imperial Geological 
Survey of Brazil. When the survey was suspended in 1877 the col- 
lections were turned over to the National Museum at Rio de Janeiro, 
and through the efforts of Professor O. A. Derby, previously a member 
of the survey and later director of the geological section of the National 
Museum, these unique collections were placed in the hands of Dr. John 
M. Clarke, one of our best American paleontologists. Dr. Clarke had 
already described and figured the trilobites of the Ereré and Maecurt 
sandstone, his paper appearing in Vol. 1X of these same archives. 
The papers here mentioned make his second important contribution to 
our knowledge of the paleontology of the Amazon valley, and the most 
valuable since the publication of Dr. C. A. White’s great work upon 
the Cretaceous fossils of Brazil. 

At the end of the second paper he gives a list of the Devonian 
species of the Lower Amazon region, and finds the Ereré fauna to be 
“a miniature of the Hamilton” of New York (p. 158). The Curua 
fauna he considers a member or modification of the Maecurti group. 
The rocks from which these fossils come are exceedingly rich, one 
locality, Ereré, furnishing forty-eight species, and, another, Maecuri, 
seventy-eight species. 

In his summary concerning the Silurian fossils Dr. Clarke says that 
“the lower and upper Silurian elements of this little fauna are pretty 
equally commingled, and the inference is quite natural that in this 
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region the break in the record represented by the conventional plane 
of separation between the upper and lower divisions of the series is 
here obliterated. . . . . The little fauna is the oldest yet described 
from Brazil.” 

That last remark reminds me that some three years ago I published 
in this journal (Vol. IV, p. 975) a notice of an article by Dr. F. Katzer 
upon “ The oldest fossiliferous beds of the Amazon region.” In that 
article Dr. Katzer claims to have found graptolites in rocks said to 
have come from the Rio Maecurti region. Since the appearance of 
that note my attention has been directed to the fact that the article in 
question contained neither names, descriptions, nor figures of such 
graptolites, and that the origin of the fossils he mentioned was not 
really known—omissions that I should have observed without assistance. 

It is a matter of painful interest to observe the great gaps of time 
between the collecting of the fossils by the Geological Commission, 
the date of Dr. Clarke’s papers, and the date on the title page of this 
belated volume of excellent work. 

We are accustomed in this country to hear more or less complaint 
about delay in the publication of government reports. But in this 
instance we may see if we will how much worse such matters might be. 
These collections were made in 1876, were placed in Dr. Clarke’s 
hands in 18(?), the paper on the Silurian fossils was finished by him 
in 1891, that upon the Devonian in 1892, and the publication appears 
toward the end of 1899 —twenty-three years after the field-work ! 

lhe inconvenience of this sort of thing is perhaps not as serious 
in Brazil where comparatively little is doing in science as it might be 
here or in Europe, but, like all other wrongs, sooner or later the country 
must pay for them. , J. C. BRANNER. 


The Cretaceous of the Black Hills as Indicated by the Fossil Plants. 
By Lester F. Warp, with the Collaboration of Walter P. 
Jenney, William M. Fontaine, and F. H. Knowlton. Extract 
from the Nineteenth Annual Report of the U. S. Geol. Sur- 
vey, Part II. Washington, D. C., 1899. 

The results recorded in this extract are the outgrowth of a series 
of investigations beginning with the discovery of cycads in the Black 

Hills in 1893. From a study of these fossils and of their stratigraph- 


ical position, Professor Ward reached the conclusion that a part of the 
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so-called Dakota formation of the Black Hills belongs to the Lower 
Cretaceous series. This conclusion, together with the observations 
which led up to it, he published in the JouRNAL oF GEOLoGy in the fol- 
lowing year. Since that time the work of investigation has been 
greatly extended through the efforts of Professor Ward and his 
co-laborers, with the result that his former conclusion is now fully 
substantiated. 

New fossil localities were found, and many new species were col- 
lected. Of the cycads, one hundred and twenty-six trunks and frag- 
ments were examined. These were collected from two general although 
widely separated areas. The collection contains twenty-one species, 
all of which are new to science. Fossil forests are mentioned as occur- 
ring at the same horizon. 

Professor Jenney makes a report on the Hay Creek region, in which 
he finds: a marine Jura characterized by an abundant invertebrate 
fauna; a later Jura resting unconformably upon the former, and char- 
acterized by saurian bones and fossil wood ; above this the Lower Creta- 
ceous, which he subdivides as follows: (t) the Hay Creek formation ; 
(2) the Barrett shales ; (3) the Oak Creek beds. ‘The series is charac- 
terized by an abundant flora which contains no cycads. 

The flora of the region is described by Professor Fontaine, who 
finds a number of species common to the Potomac formation, and a 
few common to the Kootenai. This suggests a closer relation with the 
eastern flora, but Mr. Ward thinks that this may not be the actual con- 
dition, as the Kootenai flora has not been as thoroughly investigated 
as the Potomac. 

A few outcrops of the “ Atlantasaurus beds ”’ are reported as occur- 
ring on the eastern flank of the Black Hills. These consist of clays rep- 
resenting a thickness of about fifty feet and containing bones of 
saurians. The beds are thought to have been laid down in the depres- 
sions of the eroded surface of the marine Jura. W. N. Locan. 
The Geology and Physical Geography of Jamaica: Study of a Type of 

Antillean Development. By Rosert T. Hiv. Bulletin of 
the Museum of Comparative Zodlogy at Harvard College, 
Vol. XXXIV, 1899. pp. 256, 41 plates. 


The general scope of this volume, which is an important addition 


to the work which the author has heretofore done on Antillean geology, 
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is indicated by the title of the several parts of the volume. ‘These are 
as follows: Part I, Geography and Physiography; Part II, The 
Geologic Structure and Sequence; Part III, Paleontology of the 
Jamaican Sequence; Part IV, Relations of the Jamaican Formations 
to those of Adjacent Regions; Part VI, Changes of Physiography in 
Tropical America bearing upon the History of the West Indian Islands; 
Part VII, Appendices (1) Additional Note on the Geology of Porto Rico 
and Santiago de Cuba, and (2) Some Cretaceous and Eocene Corals 
of Jamaica (by T. Wayland Vaughan). 

Geography.— Geographically the island is described as follows : 
There is a central mountain axis in the eastern third of the island, the 
highest point of which is between 7000 and 8000 feet above sea level. 
About this mountain axis, with its chief extension to the west, is a 
plateau ranging from 1000 or 1200 feet, to 3000 feet. The plateau is 
really a gentle arch, and its greatest elevation is in the central part of 
the island. The plateau terminates abruptly by steep slopes known as 
the “‘back coast border.”” The margins of the back coast border are 
irregular, the result of valley excavation. The plateau is chiefly of 
limestone, and its interior topography is largely the result of solution 
and interior drainage. The plateau contains many remarkable basins 
developed in this way. Some of them have no outlets, while others 
have recently been tapped by valleys working in from the margins of 
the plateau. The margins of the plateau are extensively terraced. On 
the east side of Montego Bay there are at least six terraces, and while 
the number elsewhere is fewer, some of them are at levels considerably 
above those shown at Montego Bay, so that the total number is more 
than six. ‘The terraces are much interrupted by erosion, the oldest being 
least distinct, and most discontinuous. The highest occurs at elevations 
of 1800 or 2000 feet, an altitude quite above the top of the back coast 
border in some parts of the island. The second highest terrace occurs 
at an elevation of about 1500 feet, the next at 1000 feet, and others at 
650, 300, and 200 feet respectively. The upper terraces appear to have 
been carved out of the limestone during the period of emergence which 
followed the deposition of the limestone. Those below 700 feet appear 
to have been carved in a later period of elevation, following a period 
of submergence, after the higher terraces were made. The terraces 
“have all been cut out of the land by gradational processes (base level- 
ing and marine erosion) and represent pausation stages in two long 


periods of elevation” (p. 33). 
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If the back coast border of the plateau were continued seaward, the 
' borders of the island would lie much beyond the present shore line, 
and from this and other phenomena it is inferred that the former exten- 
sion of the island was considerably greater than the present. There 
are terraces on the submerged slopes of the island similar to those 


4" above the water, which are in harmony with this view. 

Bordering the plateau below the back coast border there is a coastal 
' plain which is nearly continuous. In some places it is narrow, and in 
others it reaches far back into the island. The coastal plain is made 


up of three sorts of formations, elevated reefs, sea margin débris, and 
land alluvium. The coastal plain is more or less terraced by old wave- 
cut terraces, which have since been submerged and are now veneered 
with later deposits. The highest is about 150 feet above sea level. 
Elevated reefs occur at three levels, 60, 25, and 15 feet or less, 
respectively, above sea level. 

The streams of the island belong to two types: (1) the autogenous 
type, with the peculiarities which go with changes of level; and (2) the 
interior streams which drain into limestone sinks. In addition to these 
two types, there is a combination type which results from the 
capture of the interior drainage by streams which flow seaward. 

4 A topographic map with 250-foot contours and a geologic map 
accompany the volume, and help to make the geography and geology 
clear. 

Geology.— The central mountain axis of the island is made up of 
rocks known as the Blue Mountain series. This series is made up 
chiefly of “loose or slightly indurated beds of gravel, clay, bowlders, 
and tuffs, with exceptional beds or bosses of hard indurated limestones 
and yellow clay. The rocks are usually of dark color . . . . in strong 
contrast to the glaringly light colors which characterize the succeeding 
formations of the oceanic and coastal series. The material, with the 

: exception of occasional limestone beds and a few outcrops of clay 

marls, can be traced to igneous rocks; it was first volcanic ejecta and 

subsequently and successively underwent various degrees of attrition 

and sedimentation” ... . (p. 41). 

This Blue Mountain series constitutes the surface formation of all 
parts of the island which rise above 3000 feet. From exposures at 
lower levels where erosion has removed the overlying strata, it is known 
that the same series has extensive development beneath the younger 
formations, and from the known exposures the series is believed to 
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underlie most of the island. The beds of the Blue Mountain series 
are much deformed. Since a continuous exposure of the total series 
is nowhere found, exact measures of thickness have not been 
obtained, but it is stated that the thickness probably exceeds 5000 
feet. 

The Blue Mountain series is made up of Upper Cretaceous and 
Lower Eocene beds. There seems at this point to be a little confusion 
in the classification, since the Richmond formation, which appears to 
be the upper part of the Blue Mountain series, is classed as Eocene at 
some points (geological map), but as Upper Cretaceous at others (p. 
143). ‘The Blue Mountain series is exposed in the central and western 
parts of the island at levels which are below the mountains of the east. 
In these localities, erosion has removed the overlying beds. 

Che Blue Mountain series is overlaid by the Cambridge formation, 
a formation not extensively exposed. Where it appears, it skirts the 
older series. It is made up of clays, marls, and yellow limestones, 
and occupies a transitional position between the older series, the 
material of which was derived from land formations, and the next 
succeeding formation, the material of which is limestone, and therefore 
of oceanic origin. The Cambridge formation is classified as late 
Eo« ene. 

The Cambridge formation is followed in stratigraphic order by an 
extensive formation of White Limestone, the principal formation of the 
plateau. It has by far the widest surface development of any forma- 
tion on the island. It covers the whole of the island betwecn the top 
of the plateau (3000 feet) and the coastal plain, and underlies some 
portions of the latter. In the western part of the island it completely 
covers (or once did) the Blue Mountain series. The beds of limestone 
are often considerably disturbed. The formation is assigned a deep 
water origin, since it contains neither reef corals nor littoral shells. 
Its fossils are mainly microscopic, and it is referred to the earlier part 
of the Oligocene period. 

The formations of the island younger than the White Limestone 
belong to the coastal series, and were made after great changes had 
affected the island. ‘These coastal formations are made up of four 
sorts of rock: (1) marine beds, (2) alluvium, (3) elevated coral reefs, 


and (4) littoral deposits. 
The oldest of these formations is known as the Bowden formation, 
the age of which seems to be in some doubt. It is regarded as either 
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late Oligocene or Miocene. ‘The formation was deposited after a sub- 
sidence which followed the uplift and extensive erosion of the White 
Limestone. ‘The break between it and the White Limestone is, there- 
fore, a great one, and on general grounds it would seem more in 
accord with modern classification to make the break between these two 
formations the division between the Oligocene and Miocene than to 
place it in the Oligocene. The Bowden formation has a thickness of 
something like 250 feet. Its outcrop consists of a fringe around the 
older plateau region, and it is, in turn, bordered by still later and 
lower-lying formations. The Bowden formation is made up of various 
sorts of sedimentary rock. 

The next succeeding formations are classed as Pliocene. They are 
composed of marl and limestone of marine origin (Manchioneal), and 
of slight thickness, and of gravels from the uplands. The gravels are 
in part estuarine, in part subaérial, and in part littoral. The Pliocene 
formations have relatively slight surface development, though consider- 
able areas in the vicinity of Kingston are covered by them. 

Among the Pleistocene formations are beds of reef rock, ten to 
forty feet in thickness. They range in elevation from sea level up to 
seventy feet. They lie on eroded land surfaces, and their relations 
are significant of the movements to which the land had been subject 
before their formation. Other Pleistocene formations consist of chalky 
marls at low levels near the coast. Here belongs especially the Fal- 
mouth formation which rarely occurs higher than fifteen feet above the 
sea. The Falmouth formation is nothing more than a series of uncon- 
solidated sea muds, probably synchronous with the younger elevated 
coral reefs. Among the latest formations are the alluvial deposits in 
valleys about the shores. In Montego Bay there are low islands which 
owe their origin primarily to mangroves. 

There are some igneous rocks on the island. The oldest are the 
bowlders of andesite in the Blue Mountain series. The source of this 
igneous matter is unknown. There are mid-Tertiary igneous rocks in 
the form of dikes, laccoliths, etc., composed of hornblende-diorite, and 
granite-porphyry. ‘These intrusive rocks affect the Blue Mountain 
series, and extend upward into the White Limestone above, but 
are found only in the eastern third of the island. In a single locality 
on the north coast near the east end of the island there is eruptive 
amygdaloidal basalt. There is everywhere more or less metamorphism 
in association with the igneous rocks. 
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The topography and stratigraphy of the island suggest the follow- 
ing sequence of events : 

1. The first event in the history of the island so far as now known 
is the igneous activity which furnished the material for the Blue 
Mountain series. This was probably in Cretaceous time. The oldest 
formation of the island is composed of the débris of this activity. The 
amount of the débris was great, indicating that the volcanic activity 
was extensive. 

2. The degradation of the volcanic débris and the re-deposition of 
the material in the form of sedimentary formations (the Blue Mountain 
series) was the second great event in the history of the island. The 
formation is such as to show (a) that there was rapid erosion and 
deposition ; (4) that the land from which the sediments came was 
high ; and (c) that the deposition was accomplished in shallow water. 

3. The next event was the elevation, and, perhaps, the folding, of 
the beds of the Blue Mountain series. The folding probably followed 
the deposition of the Richmond (Eocene) formation ; that is, was mid- 
Eocene. On this point, however, the author is not altogether satisfied, 
and indicates that the folding may possibly have occurred later. 

4. The next event was the sinking of the island, probably late in 
the Eocene period, followed by the deposition on the submerged surface 
of the great White Limestone formation. The subsidence is estimated 
to have been at least 1200 fathoms. This great subsidence submerged 
all but the higher parts of the Blue Mountain series, leaving at most 
only the parts which are now more than 3000 feet high out of water. 
The subsidence may have been even greater, submerging the whole 
island. ‘The evidence of this great subsidence is found in the Mont- 
pelier chalk (the lower part of the White Limestone), the composition 
of which indicates, according to Mr. Hill, a depth of 1200 to 2300 
fathoms. Further evidence of the great subsidence is found in the 
stratigraphically equivalent radiolarian earths in eastern Cuba—earths 
which call for depths of 3000 to 4000 fathoms. Mr. Hill thinks it 
would not be unfair to assume 10,000 feet as the mean subsidence of 
Jamaica (p. 165). The argument of Mr. Hill for so great a sinking 
does not seem altogether conclusive. If the whole of the island were 
submerged, and this would not seem to call for so great a subsidence 
(though still a great one) there is no apparent reason why formations 


due to pelagic life should not be made in shallow water, even though 


too deep for corals and other shore-life. A few hundred feet of water 
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would destroy these shallow water forms, and since there would be no 
source for terrigenous material, the shells of pelagic life should have 
been the chief source of sediment. The problem is the same as that 
presented by the Niobrara chalk of the United States. It shows 
absence of terrigenous sediment rather than great depth of water. 

5. The next event in the history of Jamaica was the re-elevation of 
the island in the Oligocene period. The amount of elevation is esti- 
mated at 13,000 feet. If the preceding subsidence were less than stated 
above, the call for so great a rise would disappear. After this re-eleva- 
tion, the island is believed to have had a much larger area than now. 
The uplift was accompanied by a gentle folding of the rock, the 
folding having an east-west axis, and therefore making an angle with 
the axes of the older mountains, the trend of which is northwest and 
southeast. With the general arching of this time there were many 
minor folds. It is believed to have been in connection with this ele- 
vation that the igneous intrusions of mid-Tertiary time were effected, 
and the higher terraces on the margins of the plateau developed. 

6. The next event was another subsidence, contracting the island to 
the back coast border. The depression is placed at about 3000 feet. It 
was at this time (as well as during the preceding interval of emergence) 
that the back coast border of the plateau was developed. During this 
minor submergence the Bowden formation (Miocene), reaching up to 
levels of 300 feet, was deposited. 

7. This subsidence was followed by an elevation. The Blue 
Mountain ridges and the plateau were elevated some 500 feet. The 
borders must have been elevated much more, for the southern coast is 
believed to have been extended out to about the present 500-fathom 
line. ‘This movement of elevation was less orogenic in its character 
than any of the preceding, and was followed by a period of erosion. 
During the pre-Bowden epoch of erosion the streams did not get their 
heads far back into the plateau, but developed great amphitheaters 
near the edge of the back coast border, while great basins were being 
developed in the interior. During the post-Bowden interval of erosion, 
the coast streams worked back, and drained out many of these interior 
basins. It was during this elevation that the middle terraces, of the 
back coast border—those at elevations of 200 to 7oo feet —were 
developed. 

8. The next event was probably a late Pliocene subsidence of not 


more than 700 feet. This submerged the border of the island to the 
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base of the back coast border, covering the present low borders with 
littoral and estuarine formations. 

g. The next and last event was an epeirogenic movement of upward 
phase, amounting to about 800 feet, which raised the submerged bor- 
ders into the present coastal plain. This upward movement may have 
been interrupted by a minor subsidence, in early Pleistocene times. 

There were, therefore, according to this interpretation four distinct 
periods of subsidence after the deposition of the Blue Mountian series. 
(a) The subsidence which preceded the deposition of the Montpelier 
(Oligocene) formation ; (4) the subsidence which preceded the deposi- 
tion of the Bowden (Miocene) formation; (c) the subsidence which 
prepared the way for the Manchioneal (Pliocene) formation, and (d) the 
subsidence which resulted in the deposition of the Pleistocene marine 
formations within the present land area. These four subsidences alter- 
nated with corresponding elevations: the first in the mid-Oligocene 
period, elevating the White Limestone ; the second in the late Miocene, 
lifting the Bowden formation; the third in the early Pleistocene, 
bringing up the Pliocene formation ; and the latest, exposing the marine 
Pleistocene. This series of uplifts and depressions constituted a dimin- 
ishing series, being in this respect in consonance with other Antillean 
and with mid-American phenomena. The post-Richmond (early 
Eocene), the post-Moneague (mid-Oligocene, White Limestone), and 
post-Bowden (Miocene) uplifts were orogenic, diminishing, however, 
in their orogenicity. 

In that part of the volume which deals with the relations of the 
Jamaican formations to those of adjacent regions, the author announces 
the general conclusion that the Jamaican sequence is very like that of 
the other islands of the Great Antilles. 

In his summary of the history of the Antillean region the follow- 
ing generalizations are given: 

1. The geology and configuration present no evidence whatsoever 
whereby past land connections can be established between these islands and 
the North and South American lands in Post-Jurassic time, especially in the 
Tertiary, Pleistocene, or recent epochs. 

2. The configuration and condition of these islands in pre-Jurassic time 
cannot even be surmised. 

3. There are some hypothetical and biologic reasons for believing that 
the outer rim of the American Mediterranean constituted a partial or com- 
plete bridge between the continents in Jurassic time, and that the Panama 


bridge did not then exist. 
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4. The first definiteTevidence of Antillean lands is found in the eruptive 
rocks of late Cretaceous time, when it is probable that there were marine 
volcanoes. 

5. The land débris constituting the Eocene strata throughout the islands 
testifies the pre-existence of extensive Cretaceous land areas. 

6. There was a profound regional subsidence in late Eocene and early 
Oligocene time, which submerged all but the highest tips of the Antilles, and 
which extended to the margins of the surrounding continents. 

7. In late Oligocene or Miocene time there was a tremendous oroganic 
movement which resulted in uplift, whereby many of the islands were con- 
nected with each other, and possibly an insular southern portion of Florida, 
but not establishing land connection with the North and South American 
continents. 

8. In Miocene or early Pliocene time the islands were severed by sub- 
mergence into their present outlines and membership, which they have since 
retained with only secondary modification. 

9. In Pliocene and Pleistocene time there have been intermittent periods 
of elevation without serious deformation, but not sufficient to establish land 
connections or to restore the islands to the heights and areas of mid-Tertiary 
time. The Pleistocene movements, while epeirogenic, were sufficiently dif- 
ferential to show that they were not uniform in all parts of the area, showing 
great differences in amplitude within the West Indian area, and were not 
harmonious with those of the North American coastal plain. 

10. The irregularities of the submerged configuration of the West Indian 
region are orogenic, and not due to submerged continental drainage systems. 

11. The elevated coral reefs of the West Indies were formed on rising 
lands. 

In appendices Mr. Hill gives an additional note on the Geology 
of Porto Rico and Santiago de Cuba, and Mr. T. Wayland Vaughan 
describes some Cretaceous and Eocene corals from Jamaica. The note 
on the geology of Porto Rico and Santiago de Cuba, based on a 
recent geological reconnoissance, is as follows: 

1. An older plexus of water-sorted hornblendic volcanic material —tuffs 
and conglomerates with interbedded Cretaceous Rudistean limestone similar 
to that of Jamaica, composing the central mountains. 

2. An Eocene system of impure lignitic sands and clays like the Rich- 
mond beds, occurring on the western side of the island near San Sebastian. 

3. Fossiliferous marl beds overlapping the above, which at this writing 
have not been determined. 

4. Miocene coral limestone, unlike anything hitherto recorded from the 
Great Antilles, but of the type occurring in Antigua. These constitute the 


hilly country north and northwest of Lares. 
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5. White limestones of probable Pliocene age, composing the hills of the 


south coast. 

6. Elevated reefs, but feebly represented. 

7. Alluvial plains of Pleistocene age. The terrace phenomena are less 
developed upon this island than in any of the other Great Antilles, although 
the Pleistocene base leveling is well developed in stream valley phenomena. 
Dikes of syenitic-like porphyry, probably diorites, were also noted cutting 
the older hornblendic rocks. 

Evidence was obtained indicating that the great mountain movement 
culminated before the Miocene, and that there has been at least one thousand 
feet of vertical uplift since that epoch. 

The recent work in Cuba consists of a section across the Sierra 
Maestra from the coast to the Rio Cauto. In making the section, Mr. 
Hill was convinced “that the crystalline rocks of that region are Cre- 
taceous and post-Eocene Tertiary, and not Paleozoic, as asserted by 


Frazer. 


R. D. S. 


Die Stillstandslagen des letsten Inlandetses und die hydrographische 
Entwickelung des pommerschen Kiistengebietes. By Dr. K. 
KEILHACK. Separatabdruck aus dem Jahrbuch der ko6nigl. 
preuss. geologischen Landesanstalt fiir 1898. Berlin. Pp. 
gO-152, 14 plates. 

The immediate object of this paper is to set forth the relations 
between the edge of the ice and the drainage of north Germany dur- 
ing the last glacial epoch. The general slope of south Germany is north- 
ward, and the general slope of the ice which lay over north Germany 
was southward. Along the meeting of these opposing slopes, water 
courses were developed while the ice was in existence. Locally these 
marginal water courses were lakes, but often there was a river current 
along them. Many of the peculiarities of topography and drainage 
date from the time of ice occupancy. 

Incidentally, several points of general interest are developed. Dr. 
Keilhack recognizes three distinct glacial epochs. During the last he 
recognizes five more or less distinct stages of the ice, one standing for 
the maximum advance of this epoch, and the others recessional stages. 
Each of these stages had its marginal water course. 


During its maximum stage the limit of the ice in this epoch was just 


north of the Malapane and Oder rivers, as far west as the northward 
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bend of the latter, southeast of Glogau. From this point west the 
edge of the ice was south of the Oder, having a general west- 
northwest course to Magdeburg. West of Magdeburg the position of 
the edge of the ice has not been determined. It was perhaps along the 
Aller River, and perhaps farther north along the divide between this 
river and the Elbe. During this stage of the ice marginal drainage 
was westward along the valley of the Malapane to the junction of that 
stream with the Oder at Oppeln, thence down the Oder to Breslau and 
beyond. Here the drainage left the present course of the Oder 
(which beyond this point was buried by the ice) and flowed west- 
northwest to the valley of the schwarze Elster, thence along that 
valley to the Elbe, and down the Elbe to its junction with the 
Saale. 

The halting places of the ice during its retreat are recognized by 
three principal criteria. First, the exdmordne, which are bowlder walls 
(as that term is used by the Germans); second, the great ridge-belts of 
markedly undulatory topography regarded as terminal moraines in the 
United States; and third, the sand and gravel plains outside the ridges 
just referred to. All these criteria are found in connection with the 
edge of the ice at its various stages, but in better development in some 
cases than in others. 

The edge of the ice during the first recognized halt in its retreat 
lay a few miles farther north, running in the same general direction. 
Roughly, it extended from Pleschen to Potsdam, and thence to a 
point near Lauenburg just north of the Elbe. West of Lauenburg the 
border has not been traced. The margin of the ice during this halt 
was more or less lobate. The marginal drainage was along the Bartsch- 
Baruth Valley to the Elbe north of Magdeburg. Farther west the 
course of the drainage is uncertain. 

The second halt of the ice, marking the third position of a more or 
less stationary edge, lies still farther north, along the divide between 
the Warthe and the Netze from longitude 36° E. to Frankfurt on the 
Oder. Here the edge of the ice crossed the present course of the 
Oder, and extended westward and northwestward to Schwerin and 
beyond. During this stage the marginal drainage was westward along 
the course of the Warthe to the longitude of Posen, thence westward 
to the Oder and down the latter nearly to Frankfurt, thence westward 
by way of the Spree to Berlin, and thence west-northwest to the Elbe, 
and thence to the North Sea. 
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The third halt in the ice front shows that the recession was very 
unequal in different regions. In the eastern part of Germany the edge 
of the ice at this stage was far north of its position during the preced- 
ing stage, while in west Germany the differences in position were 
slight. Generally speaking, the border of the ice. between the Weichsel 
and the Oder, lay along the divide between the Netze on the south, 
and the drainage which flows directly to the Baltic on the north. It 
crossed the Oder near Oderberg ; thence it ran in a general northwest 
direction to Liibeck. From Liibeck it extended north-northwest 
through Jutland. During this halt the edge of the ice had two or 
possibly three great lobes. The greatest of these lay between Danzig 
on the east and Liibeck on the west. East of Danzig there was another 
lobe extending well southward, the eastern limit of which is not 
mapped. West of Liibeck the Jutland ice may be regarded as con- 
stituting a third lobe. Beside these great lobes, there were many 
minor crenations of the edge. This stationary position of the ice is the 
best known of all, partly because it has been more studied, and partly 
because it is far more distinct. All the criteria of the stationary edge 
find here their best development. ‘The morainic (as that term is used 
in America) belt of this stage is the Baltic Hohenriicken. It is this 
belt which the reviewer traced out in a rough way in 1887, and char- 
acterized as the great terminal moraine of north Germany.’ Dr. Keil- 
hack says that this moraine is bordered throughout 650 of the 700 
kilometers of its length in Germany by sand plains. The morainic 
topography of this belt is much more strongly developed than that of 
the other halting places, as also the Exdmordne. To Dr. Keilhack’s 
conclusion that the ice along the fourteenth part of this 700 kilometers 
where sand plants are absent, disappeared chiefly by evaporation 
instead of by melting, we can hardly subscribe. 

During this stage of the ice the marginal drainage was along the 
Thorn-Eberswalde Valley which connects with the Elbe southeast of 
Wittenberge. Along this course the water was partly fluviatile and 
partly lacustrine. 

The fourth and last chief halting place recognized is near the 
saltic. In receding to this position from the last the ice retreated 
most over the lowest ground, and least over the highest. A new mar- 
ginal drainage line was formed not far from the coast, and roughly 


*Terminal Moraines in North Germany, Am. Jour. Sci., Vol. XX XV, Series 3, 


pp. 401. 
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parallel to it from Danzig to Stettin, and thence va the Trebel to the 
Baltic near Ribnitz. Some parts of this marginal water course were 
fluviatile and some lacustrine, the largest lake being about Stettin. 
These lakes are described in detail. For the largest three distinct 
levels are made out, the highest of which is 25 meters above sea level. 
These stages are connected with the retreat of the ice, and the open- 
ing of new outlets. The development of the present Baltic drainage 
is described in great detail. Many of the north-south valley now 
draining to the Baltic are thought to have been originally subglacial 
valleys draining south to the marginal valley last mentioned before 
the ice melted away. The drainage through them was then reversed. 

Between the fourth halting place of the ice and the Baltic Sea 
Keilhack makes out and maps eleven substages in the recession of the 
ice, each changing in some recognizable way, the drainage of the pre- 
ceding stage. These subordinate stages, like the larger ones, show 
that the ice did not retreat at the same rate all along its front. So 
detailed a piece of work concerning drainage along the margin of the 
ice has not before been published. 

One of the interesting facts brought out in this paper is the simi- 
larity of the phenomena of the last glacial epoch in Germany with 
those of the corresponding epoch in the United States. In the Wis- 
consin epoch the edge of the ice made several halts in its recession 
from its position of maximum advance. In each of these positions 
morainic belts were developed, and as in Germany the strongest of 
these belts was not at the position of maximum advance, but in a more 
northerly position. As in Germany, each morainic belt is bordered by 
sand plains. As in Germany, the recession of the edge was unequal, 
and here as there, the lobations of one stage did not correspond with 
those of another. The analogies might be carried much further, but 
not to the drainage from the ice, since similar topographic relations 
did not exist in the United States. 


Shore Line Topography. By F. P. GuLLiver. Proc. Am. Acad. 
of Arts and Sciences, Jan. 1899. pp. 151-258. 
In this essay Mr. Gulliver presents the mature results of a very 


serious piece of work. The topography of shore lines is considered 
under émitial forms and seguential forms. Under initial forms are 
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included those which shore action has not modified since the region 
concerned was uplifted or depressed (relative to the surface of the sea). 
Under sequential forms are included those features which are devel- 
oped subsequent to the diastrophic change, by the forces at work 
along the shore. The larger part of the essay is naturally devoted to 
sequential forms. 

The reading of this essay makes several things evident. In the 
first place, Mr. Gulliver has exhausted the literature on the subject 
with which he deals; and, in the second place, he has made diligent 
use of maps. In the use of this material he has gathered a large body 
of facts which he has attempted to interpret and classify. Not only 
this, but he has attempted to interpret and classify them én ¢erms of 
development, so as to put the topography of shore lines on an equal 
footing with the topography of land surfaces, as an index of geo- 
graphic evolution. So far as we are aware, this is the first time 
this task has been essayed, and the author is to be congratulated on 
the successful outcome of his study. Geography and geology are the 
gainers, and the future student of coast lines will hardly fail to consult 
this essay. 

In the author’s own words, the thesis of the essay is the following: 
“The forms of any coastal belt may be grouped in the appropriate 
stages of a cycle. ‘These forms will be consistently related to the 
associated land area on the one hand, and to the sea bottom on the 
other. When considered together, the forms of a coastal belt indicate 
the relative time since the last considerable uplift or depression, as 
well as the ratio existing between the several activities, in their 
dynamic effect upon the forms of the coast and the shore.” The 
whole essay is the expansion of this idea. 

In consonance with this mode of treatment of the subject, the 
author has made use of many of the life terms, such as infancy, youth, 
adolescence, maturity, etc., which are now in use in connection with 
the history of rivers. Some of these terms have a new meaning when 
applied to coast lines, and their adoption will be at the cost of some 
mental effort. At the outset it will be necessary to stop to think what 
the terms mean in connection with coast lines, as distinct from what 
they mean when applied to land surfaces in general. This, however, 
is no serious objection to their use. On the first reading of the essay, 
it must be confessed that the use of biological terms sometimes seems 


a little forced. Such objections as may be entered to their use will be 
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charged to old-fogyism by those who like to see the old terms used in 
the new way, and to conservatism by others. The reviewer is pre- 
pared to go a good ways in the application of biological terms to geo- 
graphic evolution, where the terms fit, but when a large and quickly 
built delta is called a “precocious infant” (p. 224), it seems to be 
going a trifle far. Such criticism is, however, on the surface of things; 
it touches nothing fundamental. Some new terms are introduced to 
designate forms which have been nameless, and some of them are so 
good and so much needed that they should be adopted at once. An 
example is “‘ wave-base”’ (p. 176) to denote the plane to which waves 
may degrade the bottom in shallow water. It is the correlative of 
base level. Some other terms, however, do not at first seem so neces- 
sary or so happily chosen. To this class belongs “winged beheadland” 
to denote a sea cliff with a spit on e ther side (p. 213). 

There are not a few minor points in the essay which might be 
criticised, but it seems almost ungracious to mention them in the 
presence of so many larger matters which deserve hearty commenda- 
tion. Glacial erosion seems not to have due recognition among the 
agencies which shape shore lines. It is true that the author expressly 
disclaims his intention of discussing this point, and it is true that 
glacial modification of coasts are accidental, in the sense of not being 
a part of the normal cycle which is the theme under discussion, but it 
might have been well to recognize more fully the effects of glaciation 
in connection with some of the coasts referred to, even though the 
subject of glacial modification of coast lines is not discussed. The 
writers on Lake Agassiz are gently criticised for describing the shore 
lines of that lake as if they “were formed once for all and would 
forever remain as constructed” (p. 187), but the truth is, these shore 
lines are still sensibly as constructed, and no one has essayed to write 
up the history of the changes which these shores will yet undergo. It 
will be readily seen that when such minor points are the things which 
suggest themselves for criticism the essay as a whole is strong. 

Not only is the essay a serious piece of work, as suggested at the 
outset, but, by means of the numerous references, both cartographic 
and textual, the author has placed the material on which he based his 
conclusions at the command of future students. From this material 
students may draw their own conclusions, and, judging from the tone 
of the essay, no one would be more ready to entertain alternative 
R. D. S. 


conclusions than Mr. Gulliver himself. 
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